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Abstract 
This dissertation was written as a part of the MSc in Energy Systems at the International 
Hellenic University.  
 
This dissertation provide an overview of the parameters like shading, albedo, thermal 
storage, vegetation and water surfaces and their influence on building’s energy demand, 
performance and thermal comfort conditions. Vegetation, water bodies and building 
materials used in outdoor spaces have great influence on the thermal comfort. Thus, 
their existence or absence affects the microclimate and hence the building’s 
performance. Certainly, the selection of the study area is decisive since it determines the 
ease of the data collection needed and examination possibilities. The study is carried out 
at the Department of Transports and Communication.  
 
The building is located in an urban area with a typical Mediterranean climate. 
Particularly, this area is in the west side of the city of Thessaloniki. It is about a 
workplace with a simple structure which is surrounded by cement and rather limited 
vegetation. The climatic parameters in the area were investigated during the summer. 
The use of the ENVI-met simulation contributes to the assessment of the impact of the 
different parameters on the microclimate. A number of the most realistic and feasible 
scenarios were investigated. However, in turn, another simulation program, Energy 
Plus, was used in order to extract the final results which demonstrated the influence of 
these parameters on the building’s energy performance. The coupling of the two 
simulation tools was necessary, contributing to a more integrated investigation of the 
effect of the external environment on the building’s energy consumption. The result of 
this dissertation will be useful as a guideline in order to understand the influence of the 
surrounding environment on a building and to improve the microclimate in areas 
lacking of sufficient thermal comfort. 
 
Koukia Dimitra – Noel 
24/9/2012 
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1 Introduction 
1.1 1.1 Background 
World urbanization has been extensively accelerated since the Second World War [1]. 
The 21
st
 century will be the century of the cities, as those are increasingly expanding 
their boundaries. The improvement of living standards, more job opportunities and the 
increased population demands has induced people to migrate from rural areas to urban 
areas.  Based on the World Urbanization Prospects (The 2005 Revision) the urban 
population increased from 220 million in 1900 to 732 million in 1950, and is estimated 
to have reached 3.2 billion in 2005, thus more than quadrupling since 1950. According 
to the latest United Nations population projections, 4.9 billion people are expected to be 
urban dwellers in 2030 [2].  
 
The phenomenal growth of the population led to massive building construction, as a 
corollary, with major effects on the energy consumption of this sector. This 
uncontrolled and unplanned increase of urbanization was the main source of many 
subsequent undesired impacts around the world. Urban Heat Island (UHI) is one of the 
major side effects resulting to the microclimate and thermal comfort and, in turn, to the 
energy consumption. One of the great challenges, that the scientists are focusing, is the 
mitigation of the distortions of urban heat island. Thus, it is important to investigate, 
evaluate and understand the reasons which are responsible for this phenomenon. 
 
Heat islands depend on the surrounding environment. Areas consisting of non-reflective 
materials, few or any vegetated surfaces or water-resistant surfaces create adverse 
conditions contributing to this.  In particular, materials such as stone, concrete, and 
asphalt tend to trap heat at the surface, while the lack of vegetation reduces heat lost due 
to evapotranspiration. Vegetation usually is the most determining factor, even more than 
the low-albedo surfaces due to the fact that in the presence of high moisture levels 
regulates the surface temperatures more effectively. The addition of anthropogenic heat 
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and pollutants into the urban atmosphere further contributes to the intensity of the UHI 
effect. 
1.2 Problem Definition 
The microclimate of open spaces affects the thermal comfort conditions and 
consecutively influences, either positively or negatively, the human activities and the 
living conditions. Specifically, as a result of many studies conducted, scientists have 
noticed that the microclimate is influenced by a series of factors including the urban 
layout and the human activities that contribute to global warming and atmospheric 
pollution. In association with the above, other significant individual factors that 
influence the microclimate are [3, 4, 5, 6, 7, 8, 9, and 10]: 
 The urban morphology 
 The proportion of structure and unstructured surfaces and the percentage of the 
covered space by buildings and hard surfaces 
 The quantity and distribution of green spaces in the city, as well as the type of 
the used tree of plants 
 The layout of buildings related to the orientation, the climatic conditions and the 
air circulation 
 The ratio H/W (height/width) of the streets, at it affects the air movement 
 The  materials of external surfaces of buildings and groundcover surfaces 
 Heat emission as well as gaseous emissions due to anthropogenic activities such 
as production processes or vehicular traffic 
 The existence of natural or artificial shading  
 The presence of water   
 
According to the presence and the intensity of the aforementioned features, a decisive 
degradation of the urban environment can occur. The air temperature increase and in the 
urban areas, compared to the suburban and rural areas is a phenomenon that become  
known under the term “Urban Heat Island” and it is directly connected with the 
distortion of the microclimate.. In areas with warm Mediterranean climate, such as 
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Thessaloniki where is the study area, the side effects are primary related to [3, 11, 12, 
13]:  
 The concentration and distribution of urban pollution (urban environment) 
 The alteration of energy demands, especially to the increase of cooling needs 
and thereby to the extensive use of air conditions. Air condition units cool the 
indoor of the building, but simultaneously reject heat enhancing the outdoor 
temperature increase. (buildings) 
 Health problems, heat stress and thermal discomfort (population) 
 Economic consequences due to the increased energy consumption and the 
unwelcomed and degraded environment. 
 Social impacts due to deterioration of living conditions, especially for the non-
privileged groups. 
 
All these points have to be addressed in order to reduce of eliminate the negative impact 
of the urbanization. However, this dissertation is focused mainly on the targeted and 
coordinated interventions that could be made regarding the surrounding environment of 
buildings. Vegetation, materials used, water bodies present, are among the solution that 
will be investigated and evaluated in order to contribute to improved building’s energy 
performance. 
1.3 Aim of the thesis  
The aim of this dissertation is to provide an overview of the parameters like shading, 
albedo, thermal storage, vegetation and water surfaces and their influence on building’s 
energy demand, performance and thermal comfort conditions. This thesis, based on the 
fact that the urban heat island is a major problem that adversely affects the microclimate 
and the thermal comfort, is an investigation presenting if and in which way this 
unfavorable situation is possible to change. The study is carried out on a building 
located in an urban area with a typical Mediterranean climate, in the west side of 
Thessaloniki. It is surrounded by a hard surface and more specifically the used material 
is cement. The scope is to monitor the prevailing conditions in the area and its influence 
on the ambient air temperature. The energy needs and thereby the thermal comfort of 
the inhabitants is the crucial feature that has to be assessed. Vegetation, water bodies 
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and building materials used in outdoor spaces have great influence on the thermal 
comfort. Thus, their existence or absence affects the microclimate and hence the 
building’s performance. Therefore, it is considered necessary to analyze and quantify 
the influence of these factors on the building. Simulation software ENVI-met is used in 
order to assess the impact of the various parameters on the urban microclimate, while 
Energy Plus is used to evaluate the building energy performance. The result of this 
dissertation is the understanding of the urban climatic environment and the 
implementation of this knowledge in order to improve people’s environment and cities 
energy consumption. 
1.4 Structure of the thesis  
The dissertation is structured in seven chapters. The first chapter is this introduction 
where the aim and the structure of this thesis are described along with a brief 
background and description of concepts that is used in this study. 
 
In the second chapter, the results of a bibliographical research are presented, based on 
studies that have been conducted in order to identify and evaluate the urban 
microclimate, urban structure, thermal comfort and its causes. This will result in the 
analytical review of the state of art, commenting on the dominant parameters of the 
urban environment which influence the building’s energy performance. 
 
The third chapter deals with the identification of the problem. The work will focus on 
the Urban Heat Island effect, the street canyon problem, the determination of urban 
microclimate and thermal comfort. Emphasis will be place on the impact of green areas, 
vegetation, water sources and cool materials, as useful tools.  Vegetation contributes to 
shading and lowering the ambient temperature and humidity levels during summer and 
in addition to protecting open spaces and buildings from winds during winter. The 
presence of water in a space, apart from the benefits from psychological point of view, 
provides cooling due to evaporation. Regarding the cool materials, compared to the 
conventional ones with the high conductivity and thermal storage properties, cool 
materials lead to a decrease in surface temperature and to a drop in the air temperature 
at the pedestrian’s level.  In that sense, these tools are essential in order to improve the 
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urban microclimate, reduce the buildings’ thermal loads and re-establish comfortable 
condition in the outdoor spaces. 
 
Chapter four describes the study area that was chosen regarding its architecture 
description, orientation, description of the space, as well as other main features that are 
significant to be denoted for the purposes of this dissertation. In this stage of the thesis, 
the needed measurements are illustrated in order to acquire useful data for the 
simulation software and demonstrate the changes occurring to the microclimate.  
 
As it was mentioned above, a simulation tool is used in order to investigate the study 
area and its predominant climate. Thus, the following chapter, namely chapter five, 
concerns the use of the ENVI-met, for the investigation of the alternative solutions 
available and the quantification of their impact on the microclimate.  
 
Then, in chapter six, another simulation tool, known as Energy Plus, will be based on 
the derived data from ENVI-met in order to be evaluated how the change on the 
surrounding environment and hence on the microclimate influences the building’s 
energy performance. Practically, Energy Plus is the link between the outdoor and the 
interior study area. 
 
The results of the simulation approach are illustrated and discussed in chapter seven. 
Based on these results, we can present the most effective solution and establish to what 
extent these parameters affect the energy performance of a building.  
 
The last chapter, chapter eight concludes on all the examined issues, the key findings of 
the thesis and on some suggestions for future work. This is a brief resume of the thesis 
structure and a reference in the conclusions resulting from the integration of this 
dissertation that are important to be highlighted. 
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2 Overview 
This chapter addresses the identification of the problem. The work focuses on the Urban 
Heat Island effect, the street canyon problem, the determination of urban microclimate 
and thermal comfort. The impact of green areas, vegetation, water sources and cool 
materials on the surrounding environment is described in detail. Vegetation contributes 
to shading and lowering the ambient temperature and humidity levels during summer 
and in addition to protecting open spaces and buildings from winds during winter. The 
presence of water in a space, apart from the benefits from psychological point of view, 
provides cooling due to evaporation. Regarding the cool materials, compared to the 
conventional ones with the high conductivity and thermal storage properties, cool 
materials lead to a decrease in surface temperature and to a drop in the air temperature 
at the pedestrian’s level.  In that sense, these tools are essential in order to improve the 
urban microclimate, reduce the buildings’ thermal loads and re-establish comfortable 
condition in the outdoor spaces 
2.1 2.1 Urban Heat Island and Urban Canyon Effect 
The study of urban heat island phenomenon has started since the 19th century and it was 
defined by a variety of scientific theories. Luke Howard is considered to be the first 
researcher who set the foundations of the subsequent intensive and detailed 
investigation of the urban heat island effect. This moment, there is a huge database 
regarding this phenomenon for many cities all over the world. The studies have 
advanced and, in fact, is well dominated that the emergence and the intensity of the UHI 
depend on modifications in surface geometry and materials, as well as in atmospheric 
composition.  
 
The rapid growth of population and the current needs had as a consequence the creation 
of large cities and complex urban structures. As it might be expected, that affected the 
urban environment, since heat and considerable large quantities of pollutants were 
emitted. This intense heat radiation in a specific area causes changes in the heat balance. 
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Moreover, because of the dense building construction, heat is preventing from spreading 
and subsequently is trapped within the cities leading to a thermal phenomenon, also 
known as “Urban Heat Island” phenomenon. The buildings act as heat storage and 
simultaneously block the wind reducing its density. The buildings store the heat mainly 
on their external surfaces and walls during day increasing their temperature. Then, the 
air which is conducted with these surfaces acquires their heat and in turn transfers it to 
the air masses leading to the increased ambient air. The external surfaces of the 
buildings emit their heat through radiation during night, preventing the circulated air to 
cool down efficiently. Hence, the urban areas acquire higher temperatures that the 
suburban. This is a natural atmospheric phenomenon affecting the urban and suburban 
environment and it responsible for the warming in the urban area in which is displayed. 
 
 
Figure 1. Different energy balance of the two areas. 
(source: http://www.sustainablecitiesnet.com) 
 
The UHI is significantly associated with the energy consumption of buildings. The 
elevated urban temperatures increase the building’s cooling loads increase the peak 
energy demand for cooling and, in turn, reduce the energy efficiency of air conditions. 
Along with the increases energy consumption, it is recorded a significant increase in the 
requisite peak power which often leads to major problems. In Greece, the Public Power 
Company, in order to address this problem, builds continuously new plants in 
substations which are used only 200 hours a year, when the peak power rises 
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dramatically due to the excessive use of air conditioners. [14]. In addition, the increased 
urban temperatures reduce considerably the cooling capacity of mechanical and natural 
ventilation during night and increase the levels of pollutants. The simulation of UHI has 
been subjected to the detailed attention of many researchers. Particularly, simulation 
tools was developed allowing the prediction of the effect’s magnitude as a function of 
the climatic conditions.  
 
As expected, many scientists involved with the investigation of the UHI mitigation 
techniques. A variety of measures were proposed in order to address the problem and 
reduce the negative impacts. However, urban areas are already built, thus radical 
changes are difficult and in some cases impossible to be implemented. For this reason, 
numerous experts explored alternative solutions in order to moderate the problem, in 
such way that the new technologies can be adapted to the existing situation. Among 
these solutions are the use of green spaces and water bodies, as well as the extensive use 
of cool materials. Vegetation and shading of tress interact with the atmosphere, 
reducing the air temperature, as well as population’s thermal discomfort. New materials 
for the building’s construction are classified in the new technologies. Using appropriate 
materials at the urban texture can significantly reduce the surface and ambient air 
temperature, improve the thermal comfort conditions and reduce the building’s energy 
use for cooling purposes. Urban areas characterized by low and sparse building 
structure allow a more efficient wind movement leading to substantial natural 
ventilation. 
 
 10 
 
Figure 2. Urban Heat Island Phenomenon  
(Source:http://www.monument-info-search.co.uk:) 
 
Another perceptible phenomenon is that of the urban canyon, which directly associated 
to urban structure. Urban canyon effect is related to the wind movement, the 
modification of temperature stratification in the natural city’s canyons, which are 
formed from the vertical facades surrounding a street. The temperature distribution, in 
an urban area, depends on the heat which is absorbed and emitted by the streets and 
buildings surfaces and hence the thermal properties of materials. [14]  
 
As far as the airflow in a street is concerned, it is well known that it depends on the 
geometric characteristics of a street, i.e. the height, the buildings, its width and length, 
as well as its orientation. The dense construction in large areas reduces the wind speed 
and diverts the flow leading to the concentration of pollutants for prolonged period with 
considerable overheating in the city centre during summer, preventing the exploit of the 
beneficial effect of winds, as well as the creation of winds at the street level with 
unpredictable intensity. Typically, the wind direction is angled to the axis of the street 
resulting to a spiral motion at width and length. The elevated wind velocity and the 
turbulence effect occurring in narrow urban streets with high buildings, generates an 
unpleasant sense for the pedestrians and also obstructs the efficient natural ventilation 
of buildings.   
 
 11 
 
Figure 3. Urban Street Canyon 
(source: http://www.worldofstock.com) 
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Figure 4. The flow regimes associated with the air flow over buildings arrays of 
increasing H/W. [15]  
 
2.2 Urban microclimate and thermal comfort 
The climate is defined and described differently based on the related area. Goudling 
reports three different climate scales; macro-climate, meso-climate and micro-climate, 
whilst Olgay separates them in two categories which are the macroclimate and the 
microclimate.  [16] 
 
Macroclimate is determined by the climatic conditions derived from weather stations. 
Air temperature, humidity, wind and solar radiation are the needed data for the 
assessment of the macroclimate, which is classified in polar, continental, temperate, 
Mediterranean, arid, tropical and others. The local conditions of an area diversify the 
macroclimate and determine the mesoclimate type. Mesoclimate is modulated by the 
local features such as topography, type of the ground surface, type of vegetation, 
presence of buildings and quality of atmosphere. [16] Air temperature is influenced by 
the topography, the vegetation and the type of ground cover. Wind is affected by the 
topography and the temperature differences between urban and rural areas. Finally, 
humidity is influenced by the topography and the existence of vegetation. Microclimate 
is the conditions prevailing in a small area derived from unintended modifications due 
to human interventions and urban structure. Particularly, buildings and built obstacles, 
as well as vegetation and water affect the incidence of solar radiation, the temperature, 
the humidity, the wind flow defining the predominated conditions. Prerequisites, 
concerning the microclimate’s evaluation, are considered to be the temperature, 
humidity, wind velocity, wind direction, temperature of building surfaces and ground, 
as well as data regarding the radiation, either thermal or solar.  
 
Macroclimate and mesoclimate concern extended areas and are affected by 
meteorological conditions, as well as the topography, whilst microclimate is viewed as 
the consequence of human activities and layout.  The climatic conditions prevailing in 
an urban area, in their majority, vary in and out of its boundary. Howbeit, within the 
same urban area the climatic conditions are not identical. In fact, it is verified according 
to measurements that there is a significant declination of climatic conditions between 
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faraway weather stations and numerous open spaces within the city. Microclimate is 
influenced by many factors, including urban structure, the building’s design, human 
activities which contribute to global warming and air pollution. Particularly, buildings, 
structure materials, vegetation, water affect the incidence of solar radiation, 
temperature, humidity and wind flow specifying the microclimate of the area. 
 
The microclimatic conditions dominated around the buildings, streets and open spaces 
are interdependence with the thermal comfort of the population who residue and are 
activated in it. Consequently, it affects either positive or negative the human activities 
and living conditions. However, these conditions can be controlled and modified by an 
appropriate planning implying the air and surface temperature, the wind velocity and 
orientation surrounding the buildings, the streets and the open spaces, the shading of 
buildings and outdoor spaces, the humidity and the concentration of pollutants.  [17] 
The design or the interventions are related with a number of issues such as: 
 The selection of an advantageous location with the appropriate topology  
 The density of the building’s layout 
 The choice of befitting dimensions and positioning for buildings and outdoor 
spaces. 
 The orientation and size of streets. 
 The design and structure of green spaces 
 
According to the American Society of Heating, Refrigerating and Air Conditioning 
(ASHRAE), thermal comfort is defined as the state of mind, where a person expresses 
satisfaction with the surrounding thermal environment. [18] The parameters influencing 
thermal comfort conditions of the outdoor spaces, even if are similar with the indoor 
spaces, present greater range and variability. Only few attempts have been made 
concerning the evaluation of thermal comfort conditions due to the fact that the 
variability in terms of time and space of the urban environment, as well as the wide 
range of human activities. [19]  
 
Thermal comfort is a complex concept, as it is influenced by a variety of parameters. 
The thermal environment is characterized by the following factors, which define the 
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extent of the thermal comfort sensation; air temperature, wind speed, relative humidity 
and Mean Radiant Temperature. The physical parameters are not the only that 
determine the thermal comfort. Also, parameters that are related to human, such as their 
activity level or clothing are determining. Thermal comfort concept is based on the 
fundamental principle that the heat production has to be equal to the heat losses to the 
environment, when the prevailing conditions remain constant; in order the human body 
to preserve a temperature of around 37
o
C. Individual aims to improve the thermal 
comfort by adjusting the metabolic rate and the clothing. When the adaptation is limited 
or impossible, then this leads to thermal stress and discomfort.  
 
Human body produces heat by metabolizing the food and exchanges it with the 
environment through convection and radiation. This is the “dry” heat loss and it can 
have positive sign implying that the human body gains heat when the ambient air 
temperature is higher than the skin’s temperature which equals to 34 oC. Part of the heat 
is lost through the evaporation of water in the lungs in proportion to the rate of breath 
which in turn is in proportion to the rate of metabolism. However, when the “dry” heat 
loss is not enough to counterbalance the produced heat, then the human body sweats and 
cools it down when it evaporates due to the latent heat of water evaporation. The heat 
exchange through convection depends on the air temperature and the airflow velocity. 
The heat exchange in open spaces through radiation depends on the Mean Radiant 
Temperature (M.R.T) and mainly on the solar radiation which is the major source of 
heat. As far as the humidity is concerned, it does not affect the “dry” heat loss at all, but 
it influences the evaporation rate of water in the lungs. [20] 
 
Energy balance of a human’s body can be described by the following equation:  
M + W + R + C + ED + ERe + ESw + S = 0 
Where, 
M: the metabolic rate (internal energy production) 
W: the physical work output 
R: the net body’s radiation 
C: the convective heat flow 
ED: the latent heat flow from the skin 
 15 
ERe: the heat loss through breath  
ESw: the heat loss due to evaporation of sweat 
S: the storage of heat to the human body for its temperature regulation. 
 
Figure 5. Avenues of Heat Exchange (source: Havenith, 2003 in WHO, 2004) 
 
 The signs of the individual’s terms in the above equation depend on the surrounding 
conditions. M is always positive, W, ED and ESw are always negative and the sign of the 
other terms is negative when resulting to energy gain and negative when resulting to 
energy loss. [21] 
 
Most of the studies regarding thermal comfort, have utilized various mathematic 
thermoregulatory models for the human body which were designated for interior spaces 
and included, besides the climatic parameters, the human’s activity and the clothing.  
Field studies have shown that the approach which focused only on the human 
physiology is inadequate to quantify the external conditions of thermal comfort. Thus, 
the issue of adaptation draws constantly the scientist’s attention and is subjected to 
detailed analysis. These studies include the necessary procedures in order to improve 
the relation between the needs of the individual and the environment in which the 
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individual residues or is activated, both in physical and psychological level. In the 
external environment, including the modifications that people make in order to be 
adapted to the surrounding environment or to adjust the environment based on their 
needs [22], with the seasonal change of clothing, the changes in metabolism, the 
consumption of hot or cold beverages, whilst psychological factors such as personal 
decision, the relevant experience in similar climatic conditions the expectations are 
proved to be decisive regarding the thermal comfort and satisfaction. [23]  
 
The deficiency of the approach of thermal comfort sensation from the point of view of 
human physiology is proven by the discrepancy between the results given from various 
theoretical thermal comfort indices. These indices are exported from mathematical 
models that take into account the microclimatic parameters, the level of clothing and the 
metabolic rate as a function of the activity with the subjective responses testified by the 
users of open spaces in the field measurements.  These indices are: 
 
 The most prevalent index Predicted Mean Vote (PMV) and developed by 
P.O.Fanger. This index describes the mathematic relation that associates activity 
level, clothing and environmental conditions. According to ASHRAE, the PMV 
is calibrated in a scale of nine points. It constitutes the mean value of the thermal 
comfort assessment derived from a crowd of people who are in given conditions 
and are exhibited for adequate time in order to be stabilized the rate of the 
body’s heat exchange with the environment. PMV equals to zero when the 
person feels comfortable with the prevailing thermal conditions. 
  
 The index of Predicted Percentage of Dissatisfied people (PPD)(%) results for 
specific value of PMV and it expresses the estimated percentage of people who 
are in an area without feeling thermal comfortably, in relation to the total 
amount of people who are in this area. When the PMV index moves away from 
zero, PPD, i.e. the percentage of dissatisfied people is expanded. The relation of 
the two indices, PMV and PPD, is presented in the table 1.      
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 The Physiological Equivalent Temperature (PET) index Table 2 shows the 
correlation between the PMV and the Physiological Equivalent Temperature 
(PET).[24]  The fundamental idea of PET is  the description of the temperature 
of an equivalent, ideal indoor environment that is expected to have the same 
effect on the thermal comfort with that of the outdoor environment. This index is 
estimated from the mean radiant temperature, the air temperature, the wind 
speed and the relative humidity.  
 
 Cooling Power index (CP) expresses the rate of heat loss from the body surface 
which is preserved in the temperature of 36.5
o
C, when it is exposed to the 
atmospheric air. Practically, it measures the ability of air to increase the heat loss 
from the human body. 
 
 Standard Effective Temperature index (SET) compares the normal condition of 
individuals to a reference environment.  
 
Table 1. Relationship between PPD (100%) and PMV. 
(source: science direct, F. Ampofo, G. Maidment, J. Missenden. Underground railway 
environment in the UK Part 1: Review of thermal comfort, 2003) 
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PMV PET Human Sensation Thermal Stress Level 
-3.5 
-2.5 
-1.5 
-0.5 
0.5 
1.5 
2.5 
3.5 
4
o
C 
8
o
C 
13
o
C 
18
o
C 
23
o
C 
29
o
C 
35
o
C 
41
o
C 
Very cold 
Cold 
Cool 
Slightly cool 
Comfortable 
Slightly warm 
Warm 
Hot 
Very hot 
Extreme cold stress 
Strong cold stress 
Moderate cold stress 
Slight cold stress 
No thermal stress 
Slight heat stress 
Moderate heat stress 
Strong heat stress 
Extreme heat stress 
                                                                                                                                 
Table 2. PMV and PET indices, human sensation and thermal stress level. Internal heat 
production: 80W, heat transfer resistance due to Clothing: 0.9 clo 
(Source:  Mayer H. and Matzarakis A. (1998). Human-biometeorological assessment of urban 
microclimate’s thermal component) 
2.3 Environmental Parameters affecting the microclimate 
The main environmental factors that determine the climate quality are: 
 The covering type of an urban area (trees, vegetation, structure materials) 
 Radiation (solar radiation – thermal radiation) 
 Wind 
The fields of radiation and wind form, in turn, the thermal comfort conditions, which 
are the fields of temperature and humidity. 
 
2.3.1 Urban Morphology 
The term “urban morphology” expresses the three-dimensional geometry of the urban 
surface including groups of buildings and their surrounding spaces. Urban morphology 
is considered as a major determinant of the microclimate as it determines significantly 
the surface shading and the airflow through the buildings. Changes of the urban 
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morphology can result to a local modification of the atmospheric conditions, the 
bioclimatic parameters (temperature, humidity, wind speed and direction), as well as the 
radiation balance. Another determining factor concerning the urban surface constitutes 
the groundcover.  
 
2.3.2 Radiation 
Radiation, in an urban area, includes solar radiation, which can be direct, diffuse or 
reflected, and thermal radiation or long-wave radiation emitted by the ground, the 
surfaces and the atmosphere. Solar radiation is ranged from 0.2 to 2.5 μm, where the 
solar spectrum dominates. It is constituted by the ultraviolet radiation (0.2-0.4mm), the 
visible radiation (0.4-0.7mm) and the near infrared radiation (0.7-2.5mm), contributing 
to the total short-wave radiation approximately 5%, 55% and 40% respectively. When 
the wavelengths are greater than 5.0 μm, then the radiation is known as thermal 
radiation. Within this spectrum dominates the radiation emitted from the earth's surface 
or material, and depends on the temperature of the surface. The measurement units of 
the radiation are Wm
-2
.  
 
Figure 6. Components of radiation in the urban environment 
(source: http://science.larc.nasa.gov/) 
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2.3.3 Wind 
Wind is created by the movement of the air masses from areas with high pressures to 
areas with low pressures. The wind conditions is difficult to be identified and 
controlled, since they are affected by a variety of global, regional and local factors. As a 
consequence, there are observed significant variations between different areas in a city 
or a microclimate. Wind is strongly influenced by the topographic characteristics of a 
specific region. Elevation, location, orientation, the existence of highlands, rural areas, 
sea, lakes and rivers have an effect on the wind direction and velocity.  
 
The way the air is circulated within the frame of a structured urban environment is 
function of its geometry. The buildings play the role of windbreaks for the external 
spaces. The density of the building, the extent and location of the green spaces, the 
variations in the building’s height and the geographic characteristics such as the 
elevation and the presence of mountain or sea are decisive factors which determine the 
wind movement. The presence of sea creates a movement from it to the land and 
reversely. The rotation of this movement depends on the temperature difference of the 
water sea and the urban space creating the morning or afternoon land breeze. The main 
reason which causes the aforementioned constitutes the big thermal capacity of water 
towards the structure materials of a city and the corresponding temperature difference. 
During the morning, the temperature of the water is lower in regard to the urban area, 
leading the air to move from the sea to the land. During the night, the city’s temperature 
is reduced more rapidly compared to the water mass, resulting to the converse 
procedure that is the movement from the land to the sea.  
 
In addition, the meteorological conditions of a specific region are essential for the wind 
evaluation in outdoor spaces. The most important elements are the wind speed and the 
wind direction measured for the time period that a particular area is harnessed. In case 
that an area is used the whole year, data have to be monitored for each month. The 
measurements are usually made 10 meters above the ground, in weather stations settled 
in rural areas. It has to be noticed that the wind speed measured in a weather station at 
the height of 10 m of an open area differs from an urban area. This value can be reduced 
to the corresponding of an urban area for a specific height H, but over the building’s 
rooftops. However, the above is impossible to be implemented for the pedestrian zone 
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and generally for spaces surrounded by obstacles. Especially for these cases there are 
alternative solutions; wind tunnel tests or computational fluid dynamics (C.F.D.).  
 
Nevertheless, the wind direction does not depend only on the characteristics that it was 
discussed above but it also depends on the geometry of the urban structure. The streets 
orientation in relation with the prevailing wind direction, the relation of the street width 
with the adjacent building’s height, as well as the existence of vegetation affect the 
wind direction and speed within the city.  
 
The wind flow in a street is based on the incidence angle of a wind and the geographic 
characteristics of a street: 
 the average height of a building (H) 
 the street width (W) 
 the length of the street (L) 
Regarding the incidence angle of the wind, the wind flow can be classified in three 
major categories: 
 The wind flow is above the buildings with direction parallel to the street axis. In 
this case the wind moves in parallel with the street. However, there is an 
exception in areas nearby to vertical surfaces, where it is observed an upward 
flow with simultaneously sufficient ventilation.  
 The wind direction above the buildings is vertical to the street axis. In this case 
the type of the flow depends on its geometrical characteristic. Thus, depending 
on the building’s height, the street width and length, the wind direction is 
classified in three categories: 
 When H/W < 0.3-0.4, the wind that moves above the buildings enters in 
the street and a part of it comes out. So, the outcome is the sufficient 
ventilation of space and buildings. 
 When H/W < 0.7, the wind enters only in the street, passes through the 
vertical surface of the building and comes out in the middle of the vertical 
dimension of the street. Under these circumstances, the surface of the 
building in which the wind passes through is featured by small vertical 
wind velocities and hence the natural ventilation is limited. 
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 When the H/W > 0.7, the wind practically does not enter in the street. The 
circulation creates a low speed secondary spiral flow resulting to relatively 
limited natural ventilation. 
 The wind flow is parallel to the buildings with a direction which forms an angle 
with the street axis. In this occasion, the air is circulated tortuously and is spread 
towards its length.  
 
According to the aforementioned, it can be established that when the streets are 
parallel to the wind direction, the air circulation intervenes more easily. The broader 
are the streets, the more restricted is the air movement. The high buildings and the 
air circulation in the street canyons generate swirl movements resulting to various 
problems for the contiguous buildings and areas and hence for the pedestrians. High 
buildings affect significantly the wind movement. The multistoried buildings draw 
an intense vertical air flow along to the facades with a strong flow downwards and 
high speed around the building’s corners. Thus, a strong airflow is created around 
the foundation and corners of the buildings inducing undesirable phenomena such as 
corner effect, wake effect and swirl. According to the foresaid the high buildings 
enhance the air movement occurring in the surrounding buildings either positive or 
negative depending on the local climatic conditions.  
 
The wind speed modification or the wind direction alignment depends on other 
climatic conditions. A general criterion is that the wind velocity does not have to 
exceed the 5 m/s. When the wind speed is above this boundary the wind starts to 
become annoying and above the 10 m/s is considered to be undesirable.   
 
The proper air movement in an urban area premises the installation of vegetation 
and the existence of wide streets allowing the easy airflow from low density to high 
density areas. In addition, the well oriented streets contribute to better ventilation. 
Thereby, the objective is the proper orientation of the main streets to be parallel with 
the wind direction in order to be accomplished the transfer of air in the dense urban 
structure.  
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According to the aforementioned, it can be established that depending on the wind 
direction, the orientation and their height, buildings can be treated as windbreaks, 
but also as contributors amplifying its speed and creating undesirable sequences. 
Nevertheless, unexceptionally, the airflow within the urban structure conduces to its 
ventilation, temperature reduction and improvement of air quality.  
 
 
Figure 7. Vertical distribution of wind speed of three different regions. 
[Roughness (a) of the surface is greater in dense constructed area with high buildings] 
2.4 Vegetation 
Vegetation is often part of the landscape and due to its ornamental and multiple 
beneficial properties is used extensively in every place in which human reside or work. 
The presence of vegetation, either in public or private spaces, induces amelioration of 
the microclimate, and hence acceptable levels of thermal comfort in the greater area. 
The design of the urban spaces and the selection of the type of trees and vegetation are 
essential, as they regulate the ambient air temperature and hence reduce the energy use 
for cooling, heating and lighting. Solar radiation and wind are the two most natural 
affected parameters that can be treated with landscaping, vegetation and urban structure.  
The appropriate installation of the green areas and the structure materials in the open 
spaces contribute to shading during summer, insolation during winter and 
simultaneously to winds manipulation. On the whole, vegetation affects temperature, 
humidity, solar radiation, wind speed, direction and temperature, as well as air 
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composition contributing to the improvement of the urban landscape and the living 
conditions. 
 
2.4.1 Regulation of temperature and humidity 
The presence of vegetation contributes significantly to the adjustment of temperature, 
both winter and summer. The low heat capacity and thermal conductivity of trees and 
plants compared to the structure materials, as well as the solar radiation adsorptance and 
the simultaneous evaporation of the water droplets constitute the fundamental 
principles. The effect of vegetation is multidimensional and is composed mainly by 
providing shading and evapotraspiration. In terms of energy consumption, notable 
amounts are consumed by the process of evapotraspiration approaching three quarters of 
the total energy received. Trees absorb water which, through the process of 
photosynthesis, is evaporated and consume energy. The process of evapotransiration is 
substantial during the day, since it influences the ambient air temperature. This 
particular period of time the effect is stronger as a result of the procedures occurring 
from the leaf area of trees rather than grass opposed to the night period in which the 
effect of grass beneath the trees contribute more to cool the air.  [25] In fact, the green 
spaces reduce the available energy which heat up the air and the surfaces. Vegetation 
utilizes part of the energy derived from the environment in order to integrate its 
biological functions. Since, this energy converts to other forms the remaining available 
amounts for heating is considerably smaller. [26, 27]  
 
Temperature differences reported among green spaces and areas consisting only with 
buildings lead to the creation of airflow. These airflows influence positively the urban 
microclimate as follows: 
 During summer, the temperature is reduced and the relatively humidity is 
increased 
 During winter, the cool intensity is moderated and the relatively humidity is 
decreased slightly.  
Trees and green spaces play an important role in the regulation of the bioclimatic 
parameters as they reduce the temperature, increase the humidity in the air, reduces the 
wind speed and also the solar radiation. The type, the structure and the extent of the 
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green space are correlated wit the temperature reduction. The magnitude of the effect 
depends on the type of the trees and their properties based on the season, the area that 
they cover and the design of their positioning in the space. [28, 29, 30]  
 
Green covered areas increase the humidity of the air contributing either positive or 
negative to the bioclimatic conditions depending on the conditions. The atmospheric air 
is enriched with humidity derived from the normal functions of the plants and the 
operation of irrigation. The increase of humidity in the atmosphere influences dissimilar 
the climatic conditions of a tropical urban area compared to a Mediterranean urban area 
or a hot and arid area. [31, 32, 33] 
 
2.4.2 Wind protection 
Reduced wind movement is observed within the ground covered area. This feature 
could be desirable or not depending on the season, since a decrease could be 
advantageous during the cooling period but during summer could enhance the thermal 
discomfort. However, an appropriate landscaping and urban design could mitigate the 
wind speed and intensify its beneficial effect. [34, 35, 36 Different types of vegetation 
and wise selection of planting contribute to the reduction of temperature and velocity 
resulting to the improvement of thermal comfort. The air moves from the high pressure 
to low pressure areas and hence to the green spaces resulting to reduced temperatures.  
 
Greencovered areas with grass cause the maximum ventilation, whilst the shrubs 
prevent the airflow above them, but also near the ground. Trees and especially high 
trees with great spread of branches decrease significantly the air velocity around them. 
[37]  
 
The reduction of the wind speed is considered to be decisive, since it implies significant 
energy savings. According to study that have been carried out by Heisler, it was 
ascertained that an increase of 10% in the number and extent of planted trees in an 
inhabited area draws  a wind speed reduction of 10-20%, whilst an increase of 30% in 
the greencovered area draws a wind speed reduction of 15-35%. [38]  
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Concerning the thermal comfort, it is a more complex and multidimensional due to the 
fact that it is affected simultaneously from radiation, temperature, humidity and the 
wind velocity. So far, studies that have been carried out focusing on the population’s 
thermal comfort revealed that the presence of trees and vegetation provide a more] 
favourable thermal environment within the city. [39, 40, 41]  
 
2.4.3 Sun protection 
Vegetation depending on its height, composition and density reduces the solar radiation 
that reaches the earth surface. In addition, due to the dark color of the leaves and the 
high absorptivity, it doesn’t draw the unwanted reflection of this radiation; whilst 
through the evapotranspiration contribute to the temperature reduction of air and the 
amendment of thermal comfort. The result of this reduction is difficult to be assessed 
independently without taking into consideration the aspects of climate and season. The 
positioning, the density, the size of the leaves and the form of the tree represent the 
main considerations modulating the shading. Moreover, the type of vegetation, the 
number of trees, the selection of deciduous or evergreen trees, the height, as well as the 
placement regarding the solar rotation during the year are considered to be equally 
substantial.  
 
The solar radiation reduction in a temperate climate, during the warm season, is 
desirable. On the other hand, the opposite happens during the cool period of the year, 
for the same region. Generally, when the solar radiation is decreased due to the presence 
of vegetation, the ambient air gets cooler. [25] Deciduous trees allow the beneficial 
solar radiation during the winter, whilst it blocks the undesirable solar radiation during 
the summer. This happens because of their leaves properties, since they increase their 
shading at the demanding time periods (i.e. summer), but the density of their leaves is 
noticeable diminished in the winter permitting the exploitation of the irradiance for 
heating and lighting.  
 
The magnitude of the shading provided by a tree depends on the type and the figure of 
the leaf, as well as the variation of the leaves density. According to studies that have 
been conducted, the winter irradiation is ranged from 20% to 85% for the deciduous 
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trees and above 20% for the remaining types of trees. Thus, trees with wide and 
spherical shape shade greater area rather than those with vertical, conical or pyramidical 
form.  
 
Last but not least the proper orientation of the trees is a determining factor concerning 
the shading of an area. Trees have to be planted based on the orientation and the 
individual climatic conditions of a particular area. As a rule, trees have to be situated 
according to the cooling and heating needs.  
2.4.4 Improvement of air quality 
Vegetation promotes the improvement of air pollution. Trees absorb large volume of 
gaseous pollutants through their leaves. Moreover, trees mitigate the ozone 
concentration in the atmosphere, since they absorb the ozone directly or they reduce the 
air temperature and hence reduce the hydrocarbon emission. Streets with numerous high 
trees have been reported that present reduced concentration of dust and pollutants. In 
addition, according to Santamouris trees remove the carbon dioxide and store it in their 
biomass.  [42]  
 
2.4.5 Noise reduction 
Trees contribute, also, to the reduction and infiltration of urban noise. The planted trees 
along the streets decrease noticeable the noise due to traffic in the range of 20-25dB. 
The reduction is proportional to the density of vegetation. A major point that has to be 
underlined is the contribution of vegetation to the restraint of soil, in ground 
characterized by sharp declination. Moreover, the aquifer is enriched through the trees. 
The absence of vegetation in open spaces covered by non-absorptive coatings imply that 
the water flow rapidly at the surface without the enhancement of the aquifer. The 
outcome is that the water surfaces are dried and absorb less water leading to floods. 
Reversely, the existence of absorptive coatings such as soil in combination with 
vegetation retrain significant amount of water providing the connection with the aquifer. 
[43]  
 
Last but not least urban green is essential for esthetic purposes, since its presence 
promote the beauty of the landscape. Additionally, the variety of the different types of 
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vegetation intervenes to the geometric monotony of buildings and streets providing 
modifications on the scene based on the seasons. Finally, green spaces are considered to 
be beneficial for the psychology of the inhabitants. Chill occurred by the reduced 
temperatures, the color of the vegetation and, in general, the idyllic view moderate the 
stress and calm the human nerves.  
 
According the aforementioned, the role of vegetation is determining for the 
amelioration of the urban microclimate and thermal comfort. For these reasons, the 
institution of measures is viewed to be compulsory, either for public or private spaces, 
in order to be accomplished the improvement of the environmental conditions. 
2.3 2.5 Cool materials 
The installation of the proper structure materials in the cities and buildings is considered 
to be one of the most promising mitigation techniques concerning the improvement of 
the urban microclimate. The importance of the materials regarding the reflectivity of the 
surfaces and the temperature reduction is surely determining. It is verified that that the 
use of appropriate materials is the most recommended method for the temperature 
improvement prevailing in the cities during the warm period. Taking into account the 
foresaid is established that the amelioration of the microclimate in the urban 
environment is associated with the modification on the thermal balance. The 
temperature reduction depends on two factors: 
 Reduction of the thermal gains 
 Increase of thermal losses 
 
Materials that are used to private or public spaces, included building materials 
determine the microclimate and affect the energy consumption, as well as the thermal 
and visual comfort. Part of the received radiation is absorbed, whilst the remaining is 
reflected. The surface temperatures affect the thermal balance and comfort through the 
radiated heat which is dominant in an environment lacking of sufficient ventilation.    
The technical features of the used materials determine significantly the energy 
consumption, as also the thermal and visual comfort. Particularly, the reflectivity of the 
 29 
materials, as well as the emission in the long-wave radiation is decisive for energy 
balance of the urban environment. 
 
Materials that are embodied in the external surfaces of buildings receive the incident 
solar radiation. Part of this radiation id absorbed and the rest is reflected. It is evident 
that the utilization of high reflectivity materials in the buildings, as well as the covered 
urban surfaces reduces the absorbed solar radiation and preserves the coolness of the 
surfaces. High reflectivity materials are considered to be those that their absorptivity is 
above 0.60. These materials are also known as “cool materials”.  
 
Figure 8. Various Urban Environment Albedos  
(source: http://weather.msfc.nasa.gov/) 
 
2.5.1 Properties of Cool Materials  
Cool materials are characterized by: 
 High solar reflectance (within the frame of 300-2500mm). Reflectance is the 
ability of a surface to deflect the incident solar radiation, which includes both 
radiation in the visible range, as well as, the infrared and ultraviolet radiation.  
 High infrared emittance. The emission coefficient is a parameter which 
determines the ability of a material to dispose heat in the form of infrared 
radiation. [44]  
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Figure 9. Cool and Warm materials. Thus, cool materials are those having a smooth and 
light colored surface (marble, mosaic and stone), whilst ‘‘warm’’ materials are those 
having a rough and dark colored surface (pebble, pave stone and asphalt). [45]  
 
Figure 10. Cool material properties 
(Source: Μ. Σανταμούρης, Ν. Κλειτσίκας, Κ. Λαζαρίδη, Ε. Ευγενίου, Α. Τσαγκαρασούλης, Π. 
Γαβρηίλ, Δ. Τσαντίλης, Μ. Μοδινός, «Οικολογική Δόμηση». Ελληνικά Γράμματα – 
Διεπιστημονικό Ινστιτούτο Περιβαλλοντικών Ερευνών, Αθήνα 2000, σελ 29.) 
 
Cool Materials 
High solar reflectance High infrared emittance 
Faster release of heat Less solar radiation absorptivity 
Lower surface temperature 
Less heat penetrates into the 
building 
Less heat transferred to 
ambient air 
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The aforementioned properties are expressed in values ranging from zero to one (or 0 – 
100%). The greater is their value, the more “cool” is the surface and the more reduced is 
the surface temperature. When the value equals to 100% then it is considered that there 
is total reflectance.  Major factor is the colour of the material, as the lighter is the color, 
the higher is the reflectance. “Cool Materials” are considered to be the materials with 
reflectivity greater than 0.65 and emissivity greater than 0.80. Reflectivity depends on 
the age of the material implying the exposure rate to the outdoor environment. [46]  
 
Materials with impermeable coatings, which are placed in areas with inadequate 
summer shading, it is recommended to present the following standards concerning their 
properties: 
 Initial solar reflectance higher than or equal to 0.65 
 Emissivity higher than or equal to 0.8 
 Preserving of solar reflectance greater than or equal to 0.5 three years after the 
installation and under normal conditions. 
 
For materials with impermeable coatings, which are used to well-shaded areas for 
prolonged time during the day, there is not requisite to have the same properties with 
the exposed materials and it is recommended to present the following characteristics: 
 Initial solar reflectance greater than or equal to 0.2 
 Emissivity higher than or equal to 0.8 
 
For coatings used in spaces where individuals circulate or spend time, there are 
reflective asphaltic materials. The properties of these materials change depending on 
their colour. When asphaltic materials that are not shaded are used, it is recommended 
to present the following visual characteristics: 
 Initial solar reflectance higher than or equal to 0.35 
 Emissivity higher than or equal to 0.8 
 For shaded asphaltic materials, emissivity is sufficient to be higher or equal to 
0.8 [47] 
 
 32 
 
 
 
 
 
Figure 11. Visible and infrared images of four concrete tiles painted with cool white 
coatings (1 and 4), a black coating (2) and an unpainted off-white (3) one. 
 (Source: Synnefa, A., Santamouris, V., Livada, I., 2006. A study of the thermal performance of 
reflective coatings for the urban environment. Solar Energy Journal 80, 968–981.) 
 
2.5.2 Types of Cool Materials  
Cool Materials are classified in two categories: 
1.  Materials for the building shell (i.e coatings, tiles, slabs e.t.c) 
2. Materials for the urban environment (asphalt, slabs of various materials such as 
cement, marble, etc.). 
Materials providing increased reflectivity in the form of coloring additives (pigments) 
can be incorporated into many types of artificial coatings. 
Coatings can be: 
 Concrete pavements with various sizes, shapes and textures. 
 Concrete blocks in different shapes 
 Ceramic tiles 
 Concrete 
 
Visible image Infrared image 
3 4 
1 2 
1 2 
3 4 
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Attempts for further reduction of the coating’s surface temperature have led to the 
development of the second generation cool materials based on the use latent heat 
embedded with nanotechnology techniques in cool coatings. According to researches, 
these new coatings achieve a surface temperature reduction of 3.5
o
C. 
 
2.5.3 Advantages of Cool Materials 
Cool pavements provide only indirect effects through lowered ambient temperatures. 
The temperature reduction leads to lowered demand for electricity for cooling purposes 
and reduced production of smog (ozone). [48]. Comparative measurements of cool 
material, regarding their thermal behavior, have shown to exhibit a surface temperature 
up to 12
o
C lower than common materials. It was established that during the summer 
period, an increase of surface reflectivity of 40% can reduce the air temperature by 0.5-
1.5 C, whilst an increase of 65% reduces the temperature by 1-2 C. 
 
Globally, studies have revealed that the reflectivity increase of urban space can reduce 
the absorption of the incoming radiation, contributing to the limitation of the 
greenhouse gas emissions. It has been estimated that by increasing the reflectivity of the 
coatings in cities, it could be accomplished a decrease of approximately 20 Gt in the 
carbon dioxide emission. Besides these advantages, it has been estimated that the 
reduced surface temperatures expand the life time of the material decreasing the amount 
of waste due to maintenance. Finally, reflective coatings can improve visibility at night, 
in open spaces and hence reduce energy and cost of consumption for lighting.  
 
Finally, two further benefits of cool pavements are their increased life expectancy and 
the improvement of visibility. As far as the first one is concerned, “tertiary creep” is 
named the phenomenon of the accelerated rate of distortions as tires roll over them 
repeatedly.  Cominsky proved that cool pavements present higher resistance to tertiary 
creep. Moreover, the increased reflectivity of the cool pavement upgrades the visibility 
at night and in wet weather and hence the lighting needs for streets are reduced. [48]  
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2.5.4 Disadvantages of cool materials 
A major side effect of the cool materials is the glare problems. Glaring constitutes a 
problem for drivers and to individuals who are exposed to the reflected solar radiation 
for long period of time. Of course, studies have been carried out and hence new 
materials have developed in order to mitigate the aforementioned problems. Dust and 
dirt could modify the albedo of the cool materials, since the light-coloured pavements 
darken. Finally, researches revealed that cool materials moderate the energy 
consumption for cooling purposes during summer. Nevertheless, the energy demands 
might be increased during winter. Thus, it is important to give the needed attention in 
order to avoid unwanted solar gains. 
2.4 2.6 Water surfaces 
Water is an element that can regulates significantly the microclimate and improves 
thermal comfort conditions which prevail in the outdoor urban spaces during the warm 
summer period. The magnitude of this impact is determined by the wind velocity in the 
specific region, as well as, the extent of the water surface. Water contributes to deducted 
air temperatures mainly due to the evaporation process, which absorbs heat from the 
environment (evaporative cooling). The method of evaporative cooling requires high 
temperatures and relatively low relative humidity values. The potentials of using this 
method in Greece are great due to the prevailing conditions of relative humidity and 
temperature during the midday hours of summer in most Greek cities. Besides the 
above, water as a structure material used in an open space is characterized by high heat 
capacity and reflectivity.  Thus, it presents noticeable lower surface temperatures than 
other conventional building materials, such as asphalt, concrete and stone. 
 
Suggestively, solutions based on water that can constitute an acceptable intervention 
and upgrade the microclimate of an urban area, are: 
 Horizontal free water surfaces, artificial ponds 
 Water surfaces with  spurts (fountains) 
 Small sprayers on vegetation 
 Systems creating artificial fog 
 Passive Downdrought Evaporative Cooling (PDEC Tower) 
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 Vertical water surfaces 
 Jets embedded in urban surfaces 
 
Water presents fairly greater heat capacity than other structure materials, in fact two to 
three times more than materials such as stone, concrete, brick that are considered to 
have noticeable heat capacity. Heat capacity acts as a daily heat storage resulting to the 
temperature counterbalance in the open spaces.  
 
Material Volumetric Heat Capacity (Wh / m
2
k) 
Water 1158 (Wh / m
2
k) 
Stone 650 (Wh / m
2
k) 
Concrete 483 (Wh / m
2
k) 
Coating 440 (Wh / m
2
k) 
Brick 374 (Wh / m
2
k) 
 
One of the major properties of water constitutes the absorption of the solar radiation. 
The water surfaces absorb a great percentage of the incident solar radiation and operate 
as sun protection for the region. Thereby, the demanded energy for the water 
evaporation is absorbed from the environment leading to the reduction and 
counterbalancing of the ambient air temperature. A considerable mass of water (sea, 
lake, and river) acts as stabilizing element for the city’s temperature. In addition, the 
long-wave radiation is absorbed from the water almost completely. The diffusion of the 
stored energy compensates the heat losses through radiation during night and support 
the evaporation which can be preceded all night long. So, water acts as a cooling factor 
contrary to other common structure materials, which absorb the solar radiation, are 
heated and then radiate heat.  
 
Water absorbs a remarkable amount of heat because of its great heat capacity and its 
low reflectivity; however it is not presented a huge increase of temperature due to its 
thermal inertia and evaporation. Inertia of the water surface depends on its mass and 
depth. The absorption of solar radiation of a water body depends, also, on the 
declination of the heat storage. Vertical and gradient surfaces absorb greater amount of 
irradiance and cool more than the horizontal water surfaces.  
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The temperature difference of water is decreased, as the mass and depth of the water 
surface is increased. Moreover, the absorption of solar radiation depends on the 
percentage of the incident radiation. Thus, a shaded water surface presents reduced solar 
absorption compared to a water surface exposed in the sun directly. 
 
Water surfaces in which are embodied fountains or sprayers are also determinants for 
the improvement of thermal comfort of an open space. Using these elements, the water 
surface and hence the evaporation are increased. As the water falls from the fountains or 
the sprayers, heat is transferred from the ambient air to the water and the outcome is 
evaporation. The percentage of evaporation is proportional to the water surface and air 
temperature. The temperature of the water surface depends on the number and type of 
sprayers, the shading and the depth of the surface. 
 
The advantages of water, regarding the amelioration of the microclimate in an urban, 
require the construction of water facilities. However, there are some parameters that 
should be pointed out, as they ensure the preservation and quality of water. These are 
the following: 
 Increase of the amount of water that penetrates the ground and eventually 
reaches the underground water 
 Attenuation of water pollution since the water from the surface supplies the 
aquifer.  
 
Although, water provides some benefits, it should be used rationally and thriftily mainly 
for two reasons. The first one is that the impact of water on the amendment of the 
microclimate is quite limited compared to other parameters such as shading, vegetation 
and cool materials and the second one is that unfortunately it has been proved 
repeatedly the degradation of the water facilities due to insufficient maintenance.  
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3 Literature Review 
Various studies have been conducted in order to evaluate the Urban Heat Island, urban 
structure, urban microclimate, thermal comfort, problems that are obtained from them 
and individual parameters that contribute to the mitigation of this situation. Based on 
the above mentioned, it follows a bibliography research. In the analytical review of the 
state of art, the dominant parameters of the urban environment which influence the 
building’s energy performance are presented and commented. 
3.1 3.1 Urban Heat Island Phenomenon 
The investigation of the Heat Island phenomenon is important because it involves many 
economic, social and environmental issues. It is a multi-scale phenomenon [49]. Many 
studies about the Heat Island have conducted due to the fact that it is the more 
documented phenomenon of climatic change [50]. Various scientific researches 
demonstrate that heat island has a very important impact on the energy consumption of 
buildings, especially during the summer period, as well as causes health problem and 
human discomfort [51, 52, 53].  Throughout the last decade, heat islands have been 
observed and evaluated in different cities, such as Lódz, Poland [19], Athens, Greece 
[54] and Beijing, China [55]. Additionally, Santamouris has carried out a review of the 
Heat Island effect in Europe [56]. The relation between urban area and climatic 
conditions is interchangeable, since the climate affects the urban texture and the 
demands fro heating and cooling of buildings, whilst the city affects its climate. [57]   
 
Arnfield carried out an urban research for two decades and he summarized the 
followings about the Urban Heat Island intensity: 
 decreases with increasing wind speed 
 decreases with increasing cloud cover 
 is more severe during summer or warm half of the year 
 tends to increase with increasing city size and population and 
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 is greatest at night. [58] 
 
Generally, in Greece the number of studies concerning the UHI is rather limited, while 
most of them deal with the city of Athens. Among those scientists who focused on the 
capital was Katsoulis, who in 1987 measured the air temperature in order to evaluate the 
changes and the causes. [59] Although, Thessaloniki is the second largest city in 
Greece, it was not subjected to the scientist’s detailed attention.  Marina Stathopoulou 
and George Cartalis evaluate the daytime urban heat island to major cities of Greece: 
Athens, Thessaloniki, Patra, Volos and Heraklion. For each city there were some results 
which prove their impact on the microclimate, using satellite images provided by the 
Landsat Enhanced Thematic Mapper. As far as the city of Athens is concerned, on May 
2000 the situation was as follows: central urban areas were 3.3
o
C warmer than rural 
areas, whereas suburban areas are about 2.3
o
C warmer than rural areas. Also, It is 
determined that mixed urban areas are ‘‘hot spots’’ of the city having a temperature 
difference of 1.9 
o
C compared to central urban areas and 5.2
o
C compared to surrounding 
rural areas.  In the city Thessaloniki, for the same study on May 2001, it was found that 
there was a temperature difference of 2.7
o
C between the central urban and surrounding 
rural areas. At the same time, it was estimated that the mixed urban areas presented the 
highest surface temperatures reaching the 34 
o
C. In like manner, in the case of Patra, an 
elevated surface temperature of 1.5 
o
C is monitored among the rural and the urban 
regions. Furthermore, it has to be marked that the presence of port influences the city’s 
microclimate. In Volos is observed the lowest daytime UHI intensity, as urban areas are 
slightly warmer than rural areas, in the order of just 0.4–0.8 oC. Last but not least is 
Heraklion, since there were detected the highest surface temperatures. On July 2000, the 
results of the daytime UHI intensity have indicated that densely built areas were 1.9
o
C 
warmer than surrounding rural areas, reaching temperatures of 40 
o
C. [60]  
 
Many studies have shown the relation between the Urban Heat Island and the energy 
consumption, as it was aforementioned. Thus, a more detailed investigation was 
necessary in order to prove that there are mitigation techniques fighting the Urban 
Heagt Island and eliminating or at least reducing the negative consequences. Konopacki 
and Abkari prove that UHIs cause a significant increase in energy demand for cooling 
[61], which is directly connected with significant energy consumption and financial 
losses. Similar studies, except from the USA, correlating the urban heat island effect 
 39 
with the intense energy use have been carried out for the cities of Singapore and Tokyo. 
[62, 63, 64] Regarding to their research in the city of Houston, United States, they 
estimate that the savings could reach the $82 millions on the annual basis by 
implementing heat island mitigation strategies. Among the various studies in Athens, 
Santamouris estimate that the cooling loads of urban buildings may be doubled, while 
the peak electricity loads for cooling purposes may be tripled, as a result of the 
increased temperatures due to the UHI [57]. Papadopoulos carried out a more thorough 
and dedicated research regarding the impact of urban climate on the building’s energy 
performance for the city of Thessaloniki in combination with the ATREUS project. 
ATREUS project investigates the most appropriate type of city maps for the accurate 
qualification concerning the demands for ventilation and air-conditioning, even when 
the measurements in a particular region are impossible or restricted.  The study was 
focused mainly on the street canyon parameter and it was examined in detail its effect 
on the energy consumption. During this investigation, air temperature and flow fields in 
the canyon were monitored. The results revealed that there are significant temperature 
differences on the exterior building’s surfaces and in fact the air condition units 
aggravate the situation, as the temperature around them is even higher. In the attempt of  
thermal comfort inside the building, the problem worsens constantly, as the ambient air 
temperature is increased by using air condition units, the street canyon prevents the 
appropriate air flow trapping the warm air masses inside resulting to increased energy 
demands for cooling and reduced energy performance of air conditions.  However, these 
concepts constitute a complex problem which is quite difficult to be identified and 
measurements on specific areas are needed but also scarce. [66] 
  
As Urban Heat Island has many side effects which are constantly increasing, it is 
reasonable that there were scientists who involved with this phenomenon and made 
suggestion in order to address the problem. Since the surrounding environment 
influence extensively a city’s climate, the appropriate urban design could be considered 
a suitable solution to moderate the climate change. Laura Kleerekoper, Marjolein van 
Esch and Tadeo Baldiri Salcedob investigated these spatial characteristics and tried to 
find the appropriate measures to be implemented to mitigate the undesired impacts. The 
threes researchers explored two Dutch neighbourhoods, Ondiep and Transvaal, by 
applying various design principles and evaluated their potentials. [58] 
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Summing up, it is an effect created due to city’s substitution of natural land with various 
structure materials, buildings and other infrastructure. The “responsible” for this 
phenomenon are the modification in thermal properties of surface materials and lack of 
evapotranspiration, either due to vegetation or due to water, in urban environment. 
Energy consumption, health problems and thermal discomfort are the most identified 
side effects. Studying all these researches, it is evident that it is a complex phenomenon 
depending of a variety of factors and also affects multiple sectors. Thus, general 
conclusions are difficult to be extracted, especially when the study is conducted for a 
large area.  
3.2 3.2 Microclimate and thermal comfort 
 
Thermal comfort is strongly affected by the urban microclimate but despite the fact that 
the causes of the various urban parameters on urban microclimate are well established, 
studies directly concerning the relation between the urban design parameters and the 
outdoor thermal comfort remain still limited. However, in recent years, the adverse 
microclimatic conditions were subjected of extensively investigation.  
 
The outcomes from various studies pointed out that the optimal comfort temperature 
depends on the regional long-term climate conditions. [67, 68, 69, 70] This argument is 
verified also by a field survey that was carried out in 10 different climate zones in 
Europe. It presented within the frame of a European project, also known as RUROS, 
mainly associated with the environmental and comfort conditions of open spaces in 
cities. It was observed a temperature variation of 10°C in thermal neutral temperature. 
The “weakness” of this research was that it wasn’t conducted throughout a whole year, 
as it should be in order to have an integrated view about the people’s thermal reactions, 
but for certain period of times. [71] Hence as this survey couldn’t be considered 
completed, another field survey took the study a bit further. Long-term measurements 
were executed in outdoor spaces in Taiwan around a whole year. [72, 73]   
 
Numerous researches have proved through many studies that microclimate, outdoor 
thermal environment and thermal comfort are inextricably linked. A very representative 
study that has been carried out about the relation between microclimate, thermal 
 41 
comfort and mitigation techniques was the “Thermal Comfort conditions in outdoor 
spaces”. This paper which was presented as part of the International Conference 
“Passive and Low Energy Cooling for the Built Environment” draws the procedure of a 
construction based on bioclimatic design so as to ameliorate the microclimate in an 
outdoor space situated in the greater Athens area. Thus, an integrating evaluation has 
been formed, in twelve different outdoor spaces during summer period using the 
COMFA method and Thermal sensation. Moreover, two scenarios have been considered 
in each place. The existing microclimate and thermal comfort conditions composed the 
first scenario, whilst the second one was a combination of architectural improvements 
based on the bioclimatic criteria and energy conservation principles. The obtained 
results demonstrated that the second scenario upgraded the investigated area and 
predominately that was achieved due to the presence of vegetation-trees, water bodies 
and construction materials with high emissivity. [74]  
 
Another interesting paper was about the microclimatic study of urban open spaces in 
Northern Greece.  This work investigates the fundamental interaction of the 
microclimatic characteristics of open spaces in the centre of urban blocks and their 
impacts on the adjacent buildings. Specifically, the paper is referred in four urban 
blocks in the city’s centre of Thessaloniki, where measurements have been collected 
during the summer of 2003 and it relates the air and surface temperature, relative 
humidity, air velocity and illuminance. Various design interventions have been made 
such as the attachment of arcades, water spots, trees and the substitution of concrete 
pavements with soil and grass leading to an albedo increase of building. The study has 
been carried out for both summer and winter resulting to warming effect in the 
courtyard in the winter and to cooling effect in the summer respectively. Water pools 
affected the surrounding environment but less than the above. Openings increased the 
air circulation and temperature differences in the courtyard in the summer, opposed to 
the occurred side effects in the winter. Based on the aforementioned outcomes many 
conclusions were derived in terms of outdoor environmental conditions. The appropriate 
urban design has proved to be a way to enhance the quality of the city’s environment. 
Even more significant is the fact that through the microclimatic improvement, the paper 
demonstrates the promising positive impact on the surrounding buildings in terms of 
energy needs and correspondingly in energy consumption.  The findings showed 
microclimatic differences, between the four blocks using the ENVI-met software. The 
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program assisted so as to compare the existing situation with alternatives in which some 
modifications have been proposed. In the end, the results had been evaluated allowing 
the extraction and recommendation of the most effective solution. The objective was the 
modification of the microclimatic conditions through feasible changes leading to 
potential reduction of heating and cooling loads and improvement of building’s energy 
performance. [75]  
 
The influence of the surrounding environment on the energy needs of a building is 
beyond doubt apparent. Their impact was investigated by many scientists all these 
years, either separately or their combination. As it was reported by Chandler and Oke, 
vegetation, structure materials, water spots, human activities, population size, city’s 
topography are some of the main factors affecting the urban environment and the 
pedestrians or inhabitants thermal comfort causing urban heat. [76, 77] However, these 
parameters could be also responsible for the better performance of a city’s microclimate 
as mitigation techniques in case of a proper design. Several studies assessed their 
contribution, their positive and negative effects at all levels (social, economic, 
environmental) and presented the findings. 
3.3 3.3 Vegetation 
The importance of vegetation as a form of microclimatic control in urban spaces has 
been investigated by a number of microclimatologists, such as Wilmers in 1990 and 
Picot in 2004. [78, 79] Wind, temperature, humidity, solar radiation are some of the 
main microclimatic components that have to be studied in depth, in order to understand 
their impact on microclimate and their sensitivity depending on the landscape elements. 
[80] Temperature and humidity are the most sensitive climatic parameters concerning 
the city’s environment. Previous studies revealed the impact of urban trees and their 
ability to improve the quality of the urban environment by regulating temperature and 
humidity. It has been proved comparing cases in the cities with and without green 
spaces that they not only improve the urban landscape, but also control the urban 
microclimate by reducing the urban ambient temperature and increasing the moisture 
content in the air. [81] However, it is worth and essential to be pointed out that the 
effectiveness of vegetation depends on a combination of other factors. Buildings 
surrounded by green zones have, obviously, superiority over those without vegetation, 
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but the nature of urban space area, the magnitude of the tree planting, as well as the type 
of trees are determinants of their performance.  
 
According to Callaghan [82], the vegetation affects the temperature of the city’s 
ambient air directly and relieves it to some extent from the heat island effect. In 
addition, vegetation is a rather effective solution for shading, solar protection during 
summer and controlling the wind velocity during winter. . Nevertheless, the ground 
cover elevates the humidity levels in the atmosphere through the transpiration of trees 
resulting, simultaneously, to temperature moderation. [71] Many studies involved with 
the remarkable temperature fluctuations between buildings surrounded by trees, and 
those without them. In fact, the data derived from these reports demonstrated in some 
cases temperature deviations of 4°C and humidity differences of 11%. [84]  
 
The aforementioned imply that green spaces can help to cool our cities by a notable 
reduction of energy for cooling purposes and save energy, as a consequence. However, 
data for energy saving measures from vegetation are rare. Akbari made a research in 
USA cities and he found that three trees per house in one storey buildings can make the 
difference, since they decrease the cooling load between 17% and 57%. As far as the 
effect of shading is concerned, it reaches the amount of 10-30% of the total cooling 
energy savings, whilst the temperature reduction due to evapotraspiration possesses the 
remaining proportion. [85] Kravick indicated that, even if street trees considered having 
a limited influence on the urban microclimate, in reality when adding a considerable 
number of them, they can make difference. The magnitude of the energy saving could 
be more understood, as the cooling power of a tree due to evapotranspiration on a sunny 
day equals to ten air condition units.[86] Parker monitored the energy consumption for 
cooling purposes of a building in the city of Florida. A comparison was made between 
two scenarios: one with the existing situation and the other after adding trees. The 
results indicated that the energy savings were up to 50%. [87] Studies exist, also, 
regarding the effect of trees on wind. Heisler focused mainly on the effect of trees on 
wind and solar radiation, whilst Heisler based on Heisler’s findings continue this 
research. [88] Huang took the study one step further, since the data were used for the 
simulation of wind reduction and shading on residential buildings. The simulation 
analyzed the influence of the above on energy consumption, either cooling or heating. 
The outcome demonstrated that infiltration due to trees affect positively and 
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predominately the heating loads, while in climates with increased cooling needs the 
effect was quite limited. On the other hand, the shading effect on cooling energy use 
depending on the climatic conditions of a city. [89] Solar radiation reductions are 
deleterious in cold climates but beneficial in hot climates. [90]  
 
Another interesting study made by Dimoudi and Nikolopoulou deals with the vegetation 
in the urban environment. This work is part of the EU- funded Joule project “PRECis 
the potential for renewable energy in cities”. The objective of this project was the 
development of simplified characteristics that explain the interaction of the 
microclimate and environmental performance of a variety of urban textures. In essence, 
it was an effort to identify the consequences in urban environment and energy demand 
due to an alteration in the urban texture and the possible contribution of renewable 
energy. The Centre for Renewable Energy Sources (CRES), within this frame, had to 
spot this simplified parameters for the utilization of trees in the urban context. Particular 
attention was given to the influence of vegetation on microclimate: thermal effects and 
the effects on solar and daylight access due to the fact that these factors have impact on 
the open spaces and on the energy needs for heating, cooling and lighting and 
consequently on the energy performance of the surrounding buildings. The obtained 
results grouped and categorized as follows: size of green area, density of the urban 
texture, orientation, different kinds of vegetation, different wind speeds and distance 
from green area. The findings showed that vegetation affects significantly the urban 
microclimate not only within a park, but also in the surrounding area and mitigate the 
urban heat island phenomenon. Specifically, the results revealed a temperature decrease 
of 1 K for every 100m
2 
of a park. [91]  
3.4 3.4 Building materials 
Numerous studies have been carried out in order to assess thermal and optical 
characteristics of various materials searching for the most suitable for the urban 
environment. Besides the lack of vegetation, the high solar radiation absorptivity by 
urban surfaces is another reason contributing to urban microclimate distortion. The role 
of materials in the urban environment drew the attention of many scientists during the 
last years. Researches concerning the possible energy and environmental benefits 
depending on the used materials have rapidly increased. Scientists attempt to explore 
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the optical and thermal properties of the various materials as well as methods resulting 
to greater energy savings especially during summer.  
 
The largest part of the cities is covered by asphalt. This trend began from the previous 
century and it seemed to be an excellent choice with many advantages. Some of the 
asphalt’s leverages are its flat, smooth surface and its independency of the weather 
conditions. However, the dark and hard pavement results to increased temperature of 
the city by sunlight, since it absorbs the heat. The situation is a vicious circle since the 
accumulated heat warms the air and this in turn creates the urban heat island. This 
situation forced many researchers to investigate other possible and more suitable 
solutions for the urban open spaces. The effectiveness of the cool paving materials 
compared to the asphalt concrete was assessed by Akbari, Pomerantz and Taha. Main 
characteristic of cool materials is that they have only indirect effects meaning that 
through the reduction of ambient temperature achieve the reduction of energy 
consumption. The study was addressed for the city of Los Angeles and the potentials for 
energy savings. In fact, the results revealed that a reasonable albedo increase could lead 
to a temperature decrease around 1.5
o
C according to Taha. Cool pavement presented a 
much higher reflectivity and a lower surface temperature than the conventional asphaltic 
materials. This work dealt with further advantages of cool pavements such as their 
increased life expectancy and their improved visibility. Cool asphaltic materials can 
replace conventional asphaltic materials and are available at different colours. [92]  
 
Another interesting and extensively case study concerning the improvement of the 
urban thermal conditions was carried out by Santamouris, Synnefa and Karlessi. The 
research was about the use of advanced cool materials in the urban built environment. 
Cool materials are produced: by increasing the albedo, and hence lowering the solar 
radiation absorptance, by increasing the permeability, which cools down the pavement 
via evaporation or by creating a complex structure for noise reductions, which was 
proved to radiate less heat during night. [92] According to the study there are many 
mechanisms to increase the solar reflectance. The utilization of white or light colored 
materials could achieve an albedo increase of 0.3. Other widely known procedures, used 
in the USA, are white topping and chip seals. As far as white topping is concerned, it is 
a technique in which a thin layer of concrete is spread over an existing pavement 
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resulting to an albedo increase of 0.30-0.45. Chip seal is a technique, in which 
aggregate is placed after the asphalt binder. The procedure is described analytically in 
the Asphalt Handbook. [93] The chip seal performance is determined by the reflectance 
of the light color chip. Thus, as it was found based on many studies, it can become 
cooler as lighter binders, chips, and sands are used. Scientists examined the solar 
reflectance of Portland cement concrete and developed concrete and achieved albedos 
up to 0.77. [94, 95] Of course, it was pointed out that there are potentials drawbacks 
such as glaring problems. [96, 11] For this reason, experiments were made in order to 
develop cool colored pavements which fulfil both high reflectance and low brightness. 
Particularly, Kinouchi tried and developed a pavement which absorbs in visible part of 
the spectrum, around 23% reflectivity, but has high reflection in the near-infrared 
reflectivity part of the solar spectrum, approximately 86%. In fact, measurements 
showed a maximum surface temperature difference of 1.5
o
C between the paint-coated 
asphalt and the conventional asphalt pavement. [97] 
 
Angeliki Chatzidimitriou, Niobe Chrissomallidou and Simos Yannas explored and 
evaluated ground surface materials and their impact on microclimate in five different 
open areas in the city of Thessaloniki, in June and August 2005. Their work 
demonstrates data involved with air and surface temperatures, wind speed and relative 
humidity. The study areas were covered with materials such as concrete, stone, marble, 
asphalt, ceramic tiles, as well as lawn and water spots. The observation and the results 
concerned the influence of the above materials and their properties, as well as the 
surface’s albedo based on measurements of incident and reflected irradiance. The 
investigation separated in two cases: the first one corresponded to the three of the five 
spaces which contained various ground surface materials and the second one 
corresponded to the other two remaining spaces which contained only one surface 
material. According to the results there is a correlation between surface temperature and 
albedo, since temperature is inversely to albedo excluding the cases of lawn. 
Evapotranspiration, shading and thermal capacity of soil are the main components 
affecting the temperature. The measurements revealed a relation between temperature 
and ambient air. Additionally, roughness appeared to be decisive factor, as rough 
surfaces, even of the same colour, led to increasing temperatures. [98]  
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In the same concept, another paper conducted an extensively study investigating and 
comparing the effectiveness of structure materials used in outdoor city areas. The main 
objective of this research was to explore the potentials to improve the microclimate and 
outdoor thermal conditions by reducing ambient temperatures, mitigate heat island 
effect and decrease building’s energy consumption. An analytical study of ninety three 
different commonly used pavement materials was carried out monitoring their thermal 
performance. Based on their thermal performance and properties, they were categorized 
into warm and cool materials. The obtained results showed that the colour, the surface 
texture and the type of material determine their albedo. The rough and dark colored 
surfaces absorb more solar radiation than the smooth and light colored surfaces, thus 
dark colored were warmer that the others. Also it was found that tiles made of marble, 
mosaic and stone were cooler compared to others. Finally regarding the impact of sizing 
it was proved that characteristics such as surface size and thickness were not 
considerably affected during the day. [99]  
 
Focusing mainly in the part of energy conservation, many researchers investigated the 
potentials energy savings related to the use of structure materials. An example is a study 
conducted for the city of Sacramento in California, where a simulation model was 
performed. The outcome of the research demonstrated that increasing albedo by 15% in 
a city resulting to a temperature reduction of 1- 4 
o
C, whilst increasing albedo by 
approximately 60% in a building leading to a reduction of cooling loads of energy use 
19%. The combination of the city’s and building’s elevated albedo revealed a reduction 
of 62% in energy use for cooling purposes. [100] Moreover, based on an 
aforementioned paper concerning measurement in Los Angeles, it was observed that an 
increase in pavement’s albedo by 0.25 has as a consequence a notable temperature 
reduction up to 10
oC. The effect of pavement’s solar reflectivity on the ambient 
temperature in Los Angeles is evident, since simulation tools proved that in a large area 
of 1250 km
2  
an albedo increase of 0.25 causes a temperature reduction of 0.6
o
C. This 
reduction present notable energy savings due to the reduction on cooling energy 
demands. [11] 
 
Karlessi explored the case of new generation cool materials aiming to address the 
problem of low absorptivity during winter. Thermochromic coatings are an effective 
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option, as they adjust their colour based on the surface temperature contributing to the 
building’s energy loads. The operation of these coatings is based on the thermal 
modification of their molecular structure resulting to the spectral change of visible 
colour. High absorptivity, during summer, and high reflectivity, during winter, lead to a 
significantly reduction of energy use for heating and cooling purposes respectively. 
Although, thermochromic materials have been subjected to a detailed investigation, the 
investigation of their application in the construction sector is restricted. Ma was focused 
on the coupling of organic thermochromic materials with the common coating and 
presented the results. According to the findings, 20
o
C is the transition temperature in 
which solar energy is absorbed more when it is below and less when it above this.  
Moreover, in cases of high outdoor temperatures, the thermochromic coatings presented 
higher reflectivity resulting to a decreased temperature difference of 4
 o
C compared to 
the commonly colored coatings.  [101, 102] Karlessi evaluated the function of 
thermochromic coatings in the urban structures.  Particularly, the investigation was 
made for two different types of coatings; the first one included the thermochromic 
pigments and the binder, whilst the second one included titanium dioxide (TiO2). 
Coatings consisting of six different colors, with or without adding TiO2 were developed 
and assessed. The comparison dealt with the thermal and optical properties between the 
thermochromic coatings and the cool and common coatings of the same colour. The 
results demonstrated that in the visible range the colored thermochromic coatings 
performed same optical properties with the cool and commonly used coatings. In 
addition, the study indicated that all thermochromic coatings presented high reflectivity 
in the near infrared and high absorptivity in the near ultraviolet. Thermochromic 
coatings proved that can absorb solar radiation at lower temperatures and reflect at 
higher temperatures, both at the colored and the colorless state. [103] 
Many scientists investigated and explain the process of PCM’s.  [104, 105] In addition, 
Karlessi examined the performance of phase change materials doped in infrared 
reflective cool coatings concerning the reduction of surface temperature of urban 
environment. The objective of the study was to present the benefits of using PCM 
coatings in the exterior of buildings, pavements and urban structures concerning the 
energy consumption. Phase change materials are able to reduce or postpone the peak 
heat load and maintain more stable temperature conditions, whilst the PCM doped 
coatings reduce the surface temperature and mitigate urban heat island effect 
Particularly, this paper evaluated the function of PCM doped cool colored coatings of 
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different melting temperatures compared to infrared reflective, as well as common 
coatings of the same colour. The coatings were separated in six groups which included 
eight samples of different colour. These samples consisted of three PCM coatings of 
three different melting temperatures (18 
o
C, 24 
o
C, 28
o
 C) and for each melting 
temperature corresponding two different PCM concentrations, one for 20% w/w and the 
other 30% w/w, an infrared reflective and a commonly used coating of the same colour. 
The measurements took place 24 hours a day during August. The outcome of these 
measurements showed that the surface temperature, where PMC coatings were applied, 
was cooler than the other coatings and in fact it was noticed a temperature reduction of 
12%. The time period from 7 am to 10 am was the most indicative regarding the 
performance and the temperature differences between the coatings, as the peak 
temperature was observed at around 9:30 in the morning. Moreover, the temperature 
variance remained relatively stable between 10 am to 12 am. Thus, the results verified 
that the PCM coatings store heat in a latent form, maintain a constant surface 
temperature during day and release it later. [106]  
3.5 3.5 Water 
The presence of water bodies in the urban environment could be a determining factor 
for the microclimate improvement.  The unreflected radiation of total solar radiation is 
known as net radiation transforming to sensible heat, latent heat through evaporation of 
water, conductive sensible heat and energy accumulated in the biomass. [107]The key 
role of water is based on its impact on the transformation of sensible and latent heat 
fluxes. Water has high heat capacity compared to other building materials, but also has 
high evaporation leading to reduced surface temperature. [108, 109] Although, many 
studies have been conducted regarding the city’s thermal environment and the reasons 
which influence it, the investigation of the influence of the water on the microclimate is 
relatively limited.  
 
Studies revealed that the existence of water bodies to an extent of approximately thirty 
meters resulting to an ambient temperature reduction of 2-3
o
C. In addition, it was found 
that the cooling effect is more substantial when the water is outspread or flowing and 
especially when it covers a large area. Humidity is a determining factor, since the air 
temperature decrease due to evaporation depends on the mass of air replaced from the 
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cooled air. High humidity levels don’t allow the water to be evaporated, and hence the 
cooling effect is limited. 
 
An interesting work was conducted by Robitu who investigated and evaluated the 
energy balance of a water pond in Bucharest and their influence on the energy 
consumption. The aim of this study was to form models appropriate for the simulation 
of the water influence on the thermal environment and hence on the energy 
consumption. The simulation was based on the combination of the water body and the 
airflow model of the surrounding air. It was identified that water ponds affect 
temperature, moisture, as well as radiation constituting a complex phenomenon making 
difficult its simulation. According to this paper, the simulation of the water influence on 
the urban microclimate can be formed as function of the equations of conduction, 
convection, radiation including an equation for evaporation. Particularly, SOLENE and 
FLUENT were the two software which were used in order to calculate the surface 
temperatures and the speed and pressure of the air correspondingly. In essence, the 
objective of this work was to develop a model assisting the research of the urban 
thermal conditions based on data derived from the simulation, which are air 
temperature, specific humidity, wind velocity and radiation conditions. According to the 
observations, the cooling effect monitored for an extent of thirty meters was around 1
o
C 
at a one meter height. [110] Kruger and Pearlment, also, examined the impact of the 
water applications on the environment. [111]  
In another paper, Nishimura evaluated the cooling effects of artificial water facilities 
aiming to improve the urban thermal environment, especially during summer. The 
researcher’s perception was that as the water bodies are able to modify the temperature 
and the humidity levels, they can be used to improve the ambient thermal environment 
and hence the pedestrian’s comfort. The flowing water is more effective than the 
standing water and, in turn, water applications such as fountains present the more 
significant cooling effect. This work was carried out in Tennoji Park in the city of 
Osaka, which is located in Japan. The aim Firstly, field measurements of temperature, 
humidity and wind velocity were conducted and, in turn, wind tunnel tests were made. 
The outcomes of the first measurement demonstrated that around the water bodies the 
temperature presented a decrease and affect positively the thermal environment. As far 
as the second test is concerned, it was observed that there was actually cooling effect. In 
fact, it was reported that a 1 mm diameter nozzle of a fountain could present a cooling 
 51 
effect at a distance equal to 10 times its height. The results of this study showed that the 
presence of water facilities such as a water fall on the leeward side contribute to the 
temperature reduction of approximately 3
o
C and indicated the improvement of thermal 
comfort. [112]   
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4 Urban study area 
Chapter four describes the study area that was chosen regarding its architecture 
description, orientation, description of the space, as well as other main features that are 
significant to be denoted for the purposes of this dissertation.  
4.1 4.1 Municipality of Ampelokipi – Menemeni 
Municipality of Amplelokipi-Menemeni is part of the Prefecture of Thessaloniki and 
covers the northwest side of the city of Thessaloniki. It is adjacent to the Municipalities 
of Delta (West), Kordelio – Evosmos (Northwest), Pavlos Melas (North), Neapoli – 
Sikies (East), Thessaloniki (Southeast) and southern boarders with the Thermaikos Bay. 
The Municipality covers an area of 591.73 hectares and is considered to be lowland. 
 
The area of the municipal community of Menemeni presents a limited residential 
development and compared to other western municipalities has a restricted portion of 
urban residential areas due to the crossing of the main roads and rails axes of entry in 
the city of Thessaloniki. This urban area is connected to the municipal community of 
Ampelokipi in which the residential areas are completely developed.  
 
The population according to the population census of 2001 was 56.092 people. (40.959 
inhabitants in the municipality of Ampelokipi and 15.133 inhabitants in the 
municipality of Menemeni).  Although, according to recent estimations it is expected 
that in the new Municipality residue approximately 90.000 people.  
 
The inhabitants are mainly employed in the secondary and tertiary sectors. In the 
municipal community of Menemeni there are industries-enterprises, wholesale 
industries, and garages. Also, petroleum facilities, premises of  "Hercules" cements,  
EKO facilities, bus stations, the central vegetable market and meat market of 
Thessaloniki, numerous transport companies, as well as the Department of 
Transportation and Communications. 
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4.2 The role of Department of Transports and 
Communications 
The Department of Transportation and Communication is situated in the west part of 
Thessaloniki. Its responsibilities are those that have been transferred to the Prefecture 
until now or will be transferred later through Laws, Decrees and Ministerial Decisions 
regarding the responsibilities of the Ministry of Transport and Communications. 
Particularly, the responsibilities are:  
 The planning, the assignment of the implementation of the long-distance and  
urban Municipal Transportation, as well as the control and supervision of the 
buses (KTEL) 
 The authorization of licenses for passenger, truck, public and private buses, cars 
and motorcycles, as well as cars and motorcycles of Government Services and 
Public Entities. 
 The licensing of vehicle service facilities, driving schools and schools for 
candidates for their Certificate of Professional Training drivers of vehicles 
carrying dangerous goods. 
 The licensing of drivers of cars and motorcycles. 
 The authorization of licensing of professional carrier of goods and passengers, 
mechanics, trainers of drivers candidates.  
 The licensing of transport operators. 
 The regulation of communication issues and the authorization of the necessary 
licenses.  
 The issuance of parking for persons with disabilities.  
 The enforcement of the legislation and the imposition of administrative 
sanctions within the frame of their power. 
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4.3 Description of the urban area of Department of 
Transports and Communications  
 
4.3.1 Location  
 
The Department of Transports and Communications (40°39'23"N   22°52'41"E) is 
situated on the west area of Thessaloniki, nearby the Vegetable Market. It is covered by 
limited vegetation and mainly by concrete. It is predominately an industrial area which 
is not characterized by a dense building construction around it. In fact, around the main 
building there are an only few others and the remaining space constitutes the parking. 
 
 
Figure 12. Satellite picture of the Department of Transports and Communications 
(source: https://maps.google.com/) 
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4.3.2 Cimatic Data 
 
Thessaloniki has a typical Mediterranean climate and the summers are hot and dry. It is 
reasonable that there are not metrological stations spread throughout the city. Thus, the 
climatic data that are presented below are the official statistics derived from the 
Hellenic National Meteorological Service (www.hnms.gr) for the region of Mikra 
situated in eastern Thessaloniki.  
 
Month 
 
Average air 
temperature 
Absolute 
minimum 
temperature 
Absolute 
maximum 
temperature 
Relative 
humidity 
Wind 
direction 
 
o
C 
o
C 
o
C %  
Jan 5.2 20.8 -14 76.1 Northwest 
Feb 6.7 23.2 -12.8 73 Northwest 
Mar 9.7 25.8 -7.2 72.4 Northwest 
Apr 14.2 31.2 -1.2 67.8 Northwest 
May 19.6 36 3 63.8 Northwest 
Jun 24.4 39.8 6.8 55.9 Northwest 
Jul 26.6 42 9.6 53.2 Northwest 
Aug 26 40.4 8.2 55.3 Northwest 
Sep 21.8 36.2 2.6 62 Northwest 
Oct 16.2 31.6 -1.4 70.2 Northwest 
Nov 11 26.6 -6.2 76.8 Northwest 
Dec 6.9 22.6 -9.2 78 Northwest 
Table 3. Climatic data of Micra, Thessaloniki (www.hnms.gr) 
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Figure 13. Cumulative frequency distributions of external air for the cooling period (C climate 
zone) 
 
Figure 14. Cumulative frequency distributions of external air for the heating period (C climate 
zone) 
The minimum temperature during the heating period does not exceed 1.4 
o
C in January, 
whilst, the maximum mean monthly temperature is  recorded in July and approches  
31.6 
o
C. 
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4.4 Building Facilities 
4.4.1 Building’s Drawings 
 
The Department of Transports and Communications is a building with two floors. 
Photographs of the building and its surrounding environment are included in the 
Appendix B. The drawings with the detailed description of the dimensions and the 
structure of the interior space are given in the Appendix C. Nevertheless, below is 
presented a draft in order to have a general view of the dimensions of the building 
design.  
 
Figure 15. Overview of the building’s dimensions (height, length). 
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Figure 16.  Main entrance of the building 
 
4.4.2 Services’ Installations 
A visit to the study area was essential in order to collect the necessary information and 
photographs. This contributed to a more accurate and integrated view of the mechanical 
installations of the building. It is important to be pointed out that the particular building 
is old and it is not insulated. 
 
4.4.2.1 Boiler 
Here are some photos of the boiler of the building. 
 
Figure 17. Boiler  
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Figure 18. Boiler 
 
4.4.2.2 Oil tank 
Right next to the boiler there is the oil tank. An oil fired boiler is used for the heating of 
the building. The picture below shows the used oil tank which has a capacity of 
approximately eight to nine tons. 
 
Figure 19. Oil tank 
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4.4.2.3 Pumping Station (Heating – Cooling – Ventilation) 
Heating, cooling and ventilation systems are in the pumping station. Below are some 
photos of the station.  
 
Figure 20. Heating- Cooling pumping station 
 
Figure 21 . Heating- Cooling pumping station 
 
Particular attention should be given to the ventilation system. It occupies almost the half 
space and consists of two air passages as it is shown in the figure. These tubes operate 
 61 
as follows; the air enters from the first one, then it is filtered and after that it passes into 
the second one which directs the filtered air inside the building. 
 
Figure 22. Ventilation pumping station 
 
The following pictures show the systems from which the air is entered and exit. The 
first one (a) collects the air and lead it to the first tube of the ventilation system. When 
the procedure ,which was described just before, is completed, then the filtered air is 
comes out from the other other one (b).  
  
  a) Air inlet b) Air outlet 
 
Figure 23.  Building systems for air inlet and air outlet 
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4.4.2.4 Water tank 
The building has a water tank which is used when there is lack of water. In cases where 
the water needs are exceeded, this water tank is secondary and provides the required 
supplementary amount of water.  
 
 
Figure 24. Water tank 
4.4.2.5 Cooling unit 
The cooling unit is located in the rooftop of the building.  
 
Figure 25. Cooling unit 
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Figure 26. Cooling unit control panel 
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5 ENVI-met simulation 
The objective of this dissertation is to understand how the surrounding environments 
influences the microclimate, as well as the thermal comfort and hence the energy 
performance of a building. The presence of trees, the appropriate installation of 
materials, and the existence of water bodies are the main parameters that affect the 
urban environment. Thus, this chapter concerns the use of the ENVI-met, for the 
investigation of the alternative solutions available and the quantification of their impact 
on the buildings and on open spaces.  
 
Initially, it is presented an introductory section about the familiarisation and the 
understanding of the simulation tool’s operation. In this part of the thesis, the study area 
was monitored in order to investigate the changes on the microclimate based on four 
different scenarios varying in terms of trees-vegetation, structure materials and their 
combination. Accordingly, the objectives of the simulation tool was two, the first one 
was to define the effect of the parameters on the microclimate and thermal comfort 
conditions and the second one was to investigate the potentials of interventions that 
could be implemented.  
5.1 Simulation of microclimate and thermal comfort 
5.1.1 ENVI-met simulation tool 
 
The software of ENVI-met is a three-dimensional microclimate model that can be 
implemented in fields such as urban climatology, urban planning, and building’s 
architecture design. [113] It is based on a three dimensional computational fluid 
dynamics (CFD) and an energy balance model.  It takes into account all types of solar 
radiation (direct, reflected and diffuse) as well as the thermal radiation from the 
atmosphere, vegetation and surfaces. The calculation of the radiation flows includes the 
shading, the absorption and the plants reradiation. ENVI-met is suitable for the 
assessment of thermal comfort condition of the study area in high definition (up to 0.5 
m x 0.5 m).   
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Before the simulation starts, there are two main steps that proceed. The first one, it 
concerns the investigation of the study area. This step requires the horizontal and 
vertical dimensions of the architectural design, as well as specific design features, such 
as material surfaces, groundcover, existence of vegetation etc. The input data are plotted 
in a three dimensional environment where buildings, trees, vegetation and various 
surfaces are set. The second step includes the editing of the configuration file, in which 
information about the name of the simulation, the date and time the simulation starts, 
the location of the area, temperature, wind speed, the humidity, parameters for 
calculation of thermal comfort indices, as well as soil types and vegetation databases are 
entered.   
 
During the process of the simulation, it is implemented both the calculation of 
computational fluid and the thermodynamic procedures occurring on the surface of the 
ground, walls, and plants. ENVI-met simulation tool can provide the following results: 
 Short and long wave radiation, taking into consideration the shading, reflectance 
and emissivity from vegetation and buildings.  
 Airflow, taking into account the urban morphology. 
 Transpiration, evaporation and heat flux from vegetation to atmosphere. 
 Surface, soil and wall temperature, for each grid and each wall. 
 Heat and water exchange with the ground. 
 Thermal comfort indices. 
 
 
5.1.2 ENVI-met limitations 
 
ENVI-met is a useful tool concerning the evaluation of the outdoor urban microclimate 
and thermal comfort. However, there are a few limitations that have to be noticed. 
ENVI-met is implemented only for micro-scale modeling and also the time steps of the 
model are restricted, since the maximum time step is 10 seconds. Another significant 
disadvantage is considered to be that only buildings, tress, vegetation, soils and 
pavements can be plotted in the model area. This is restrictive regarding the use of 
shading structures. As far as the water bodies are concerned, it is unreliable to 
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investigate their impact on the surrounding environment due to the fact that only 
stationary water can be assessed. Finally, a major problem is that ENVI-met implicitly 
assumes that buildings have the same indoor temperature and no thermal mass, whilst 
walls and roofs have the same albedo and thermal resistance. In fact, the 
aforementioned applies to all the buildings of the models without exception. This 
problem is the reason that led us to the combination of ENVI-met with Energy Plus. 
 
5.1.3 ENVI-met investigated scenarios 
 
ENVI-met was used in order to investigate the influence of the external environment 
around the building on the microclimate and thermal comfort. However, apart from the 
prevailing situation, three more scenarios were explored in order to study their effect 
and mainly to be able to make comparisons and come to some concludes. So, the cases 
that were investigated were the following: 
Scenario 1: prevailing situation 
Scenario 2: all the area around the building covered with grass 
Scenario 3: all the area around the building covered with cool pavement 
Scenario 4: combination of grass and trees 
 
Figure 27. Prevailing situation by ENVImetEddi (source: ENVI-met) 
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The selection of these scenarios was not purposeless, as certain criteria were taken into 
account. The surrounding environment of the building is an area covered mainly by 
cement and a few trees. So it was considered appropriate to explore the aforementioned 
scenarios for specific reasons. The existence of asphalt in a large area led us to study the 
differences that will arise with another coating material. Of course the choice of the 
material was not random as the cool materials compared to the common materials are 
known for their effectiveness in reducing temperature. Then it was necessary to explore 
the influence of the vegetation. Thus, grass was applied throughout the whole area 
around the building. This scenario was chosen in order to reveal the effect of 
evapotranspiration. However, trees planted all around the building could be another 
choice, as apart from evapotranspiration, they affect shading and wind flow.  So, based 
on the results that were obtained from the cool material and grass, we selected the one 
with the more noticeable temperature reduction and tested a combination with trees. The 
scenario of the combination of grass and trees completed the investigation. 
5.2 ENVI-met parameters 
In this section are presented the basic parameters for the program simulation. It is 
important to note again that this particular study was conducted during the summer 
months (June, July and August).   
 
5.2.1 Basic Meteorology 
In this sector, the meteorological framework for the simulation is defined, depending on 
the month. It is rational that each month presents different meteorological conditions.  
Initial meteorological conditions June July August 
Wind speed measured in 10m height (m/s) 3.1 3.3 2.9 
Wind direction (deg) 200 200 200 
Roughness length at measurement site 0.01 0.01 0.01 
Initial temperature of atmosphere (K) 297.65 299.95 299.35 
Specific humidity at model top (2500m, g/kg) 10.5 11.5 11.6 
Relative humidity 55.4 52.8 26.2 
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5.2.2 Simulation settings  
 
The simulation tasks and length of simulation are defined. 
Simulation Settings June July August 
Start Date 15.06.2012 15.07.2012 15.08.2012 
Start Time 06:00:00 06:00:00 06:00:00 
Total Simulation Time 12 12 12 
Receptor data (min) 30 30 30 
All other files (min) 60 60 60 
 
 
5.2.3 Building Properties 
The basic physical properties for walls and roofs are defined. 
Basic Properties for all buildings June July August 
Interior Temperature (K) 299 299 299 
Heat transmission coefficient walls (W/m
2
K) 1.00 1.00 1.00 
Heat transmission coefficient roofs (W/m
2
K) 1.00 1.00 1.00 
Albedo walls  0.74 0.74 0.74 
Albedo roofs 0.85 0.85 0.85 
 
5.3 ENVI-met output data 
 
The following step was the edit of the output data. In our case, the atmosphere file was 
the one which included the necessary data for the study.  Particularly, based on this file 
we were extracted the needed atmospheric temperature values in the height of 1.80 
meters, which corresponds to the average human height. These values were used then 
for the continuation of the study by using Energy Plus simulation tool 
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6 Energy Plus simulation 
Chapter six is the continuation of the previous chapter.After using ENVI-met, it is 
necessary the utilization of another simulation tool named Energy-Plus. The use of 
Energy-Plus is considered to be essential due to the fact that the results derived from the 
ENVI-met simulation are inadequate for the export of the final results. A combination 
of the two programs is requisite in order to have an integrated view of the impact of the 
surrounding parameters on the building. Practically, ENVI-met measured the influence 
of the external environment on the microclimate depending on the given conditions and, 
in turn, Energy-Plus monitored the impact of this modification on the building’s energy 
performance. 
6.1 6.1 Energy Plus simulation 
 
Energy Plus software is a simulation tool developed by the United States Department of 
Energy. It is used to model water use, as well as the heating, cooling, lighting, 
ventilation and other energy flows of a building. Although, it is based on the most 
popular features of BLAST and DOE-2, it includes many innovative simulation 
potentials, such as time steps less that an hour.  
 
The Energy Plus is considered to be extremely flexible and adaptive software. Its 
operation requires: 
 Physical description of the building through the AutoCAD. 
 Introduction of the construction data. 
  Separation of the building in thermal zones. 
 Detailed introduction of internal gains. 
 Introduction of meteorological data. 
 Integration of heating and cooling systems. 
 
The software provide the capability of calculation of the heating and cooling loads,  the 
energy consumption of heating and cooling systems, the calculation of  the thermal 
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zones temperatures, as well as  the internal and external surface temperatures of 
building elements  on an hourly basis. [114]  
6.2 Building description  
 
The Department of Transportation and Communication (40°39'23"N   22°52'41"E) is 
situated in the west part of Thessaloniki. It belongs to the Municipality of Amplelokipi-
Menemeni which is part of the Prefecture of Thessaloniki and covers the northwest side 
of the city of Thessaloniki. As the following satellite picture reveals, it is located just 
next to the road of Piraeus-Athens-Thessaloniki-Euzoni .The building has two floors 
and its height is ranged from 4.40 to 9.30 meters. The area is not densely constructed 
and hence all sides of the building are free. The orientation of the building is west.  
 
 
6.3 Climate data 
The climate data used for the EnergyPlus building’s simulation cover a typical climate 
year concerning the calculations of energy consumption. Particularly, the typical 
climate year, which was used, is in the form IWEC  (International Weather for Energy 
Calculations) and was resulted from the ASHRAE Research Project 1015 performed by 
the ASHRAE (American Society of Heating, Refrigerating and Air-Conditioning 
Engineers) Technical Committee 4.2. 
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As it was aforementioned in chapter four, for the city of Thessaloniki, the climate data 
were derived from the meteorological station of the airport at Mikra (WMO 166220, 
latitude 40 ° 31 ', longitude 22 ° 58', altitude 4 m). 
 
Based on the climatic conditions, Thessaloniki is characterized by a Mediterranean 
climate with high humidity levels due to the fact that it is located next to the its location 
the sea.  According to K.EN.A.K., the Greek territory is divided into four climatic zones 
based on the Heating Degree Days. The city of Thessaloniki belongs to C 'climate zone, 
which is the second coldest climate zone. 
Figure 28. Climate zones of the Greek territory. (source: 
http://www.helapco.gr/ims/file/installers/totee-klimatika.pdf) 
6.4 Building envelope 
The following table lists the U-value (heat transmittance) of the external building 
elements.  
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Building element Heat transmittance [W/m
2
K] 
Floor above ground 3.05 
Roof 3,05 
Beams and props 3,40 
External walls 2,20 
 
Additionally, according to the Technical Guideline of T.O.T.E.E 20701-1/2010 the 
thickness of the windows is 3 mm, whilst the heat transfer coefficient of the openings is 
U = 6,00 W/m
2
K. 
 
The ventilation due to the existence of cracks in the frames depends on the length of the 
cracks, the quality of the crevice (airtight or not), the number and size of the openings in 
the external surfaces of the building, as well as by the ratio of external to internal 
openings in the space. 
 
The calculation of unintentional ventilation due to presence of cracks being was based 
on the K.EN.A.K. and is given by: 
Vinf = ∑ (l x a) x R x H 
Where: 
l [m]:  total length of cracks in the openings 
a [m
3
 / (h * m)]: coefficient of air permeability of cracks in the opening, depending on 
the quality of the frame,  
R: penetration coefficient, 
H: coefficient of opening position. 
6.5 Operation profile – Internal gains 
The operation profile of the Department of Transports and Communications, as well as  
its internal gains and are obtained from the provisions of K.EN.A.K. The thermostatic 
regulation, ventilation, internal thermal gains derived by people and equipment, as well 
as the building’s lighting are given in the table below. 
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Thermostatic control 
Heating period (
o
 C) Cooling period (
o
 C) 
21 26 
Ventilation of spaces with 
dense people assemblage 
People per surface 
Natural Ventilation 
[m
3
/h/person] 
0.18 22 
Office ventilation 
People per surface 
Natural Ventilation 
m
3
/h/person] 
0.3 30 
Internal thermal gains 
(hall) 
People [W/person] Average rate of presence 
80 0.18 
Internal thermal gains 
(office) 
People [W/person] Average rate of presence 
80 0.30 
Internal thermal gains 
(equipment) 
Equipment [lux] Average rate of presence 
0.75 0.18 
Hall lighting 
Intensity [lux] Nominal power [W/m
2
] 
300 5.5 
Office lighting 
Intensity [lux] Nominal power [W/m
2
] 
500 9.1 
Figure 29.  Main features of the mode profile of the studied building. 
 
6.6 Heating, Cooling and Hot Water Systems 
The heating system of the Department of Transports and Communications is central 
with oil burned installation, while hot water production is not provided in the studied 
building. Nevertheless, there is a water tank in cases of lack of water. 
 
The actual efficiency of the heating system arises due to the actual boiler efficiency, the 
state of the distribution network, the sizing of the boiler and the expansion tank losses 
based T.O.T.E.E 20701-1 / 2010. 
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6.7 Shading from the surrounding environment  
The shading of the studied building was not taken into account due to the fact that is 
located in an area which is not dense built constructed and is unobstructed by 
surrounding obstacles. Moreover, although around the building are some trees, their 
number, distance and height is such that the building’s thermal gains remain unaffected.  
 
6.8 Simulation scenarios 
The simulation scenarios are four. Initially, the building was modelled on the existing 
situation in order to calculate the existing loads and the current consumption. The rest 
scenarios were: 
 The whole surrounded area around the building covered by grass. 
 The whole surrounded area around the building covered by cool materials. 
 The surrounded area covered by a combination of tress and grass. 
 
A certain procedure was followed in order to extract the desired results. Energy Plus has 
a database of weather data for all year around and separately for every hour. The 
program run based on this data which constitutes the current scenario. This scenario is 
considered to be the one that it is compared with the above scenarios. As it was 
foresaid, we used the ENVI-met simulation in order to investigate the effect of the 
different scenarios on the microclimate. The derived results from the ENVI-met, which 
in our case were the temperature, were gathered in a file. Then, it was calculated the 
percentage difference between the temperatures of the Energy Plus database and the 
temperatures derived by the ENVI-met. These percentage differences were different for 
each scenario and for each summer month.  Afterwards, the temperatures of the Energy 
Plus database was decreased by this particular percentage. So, it was created three new 
temperature databases. Energy Plus run the three new scenarios and the results were 
demonstrated.
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7 Results 
In this chapter are listed, analyzed and commented on the results obtained from the 
study of the Department of Transports and Communications. As it was aforementioned, 
two different softwares were used in order to investigate the study area, ENVI-met and 
Energy Plus. Thus, the following paragraphs present the outcomes from each procedure.  
 
Initially, the use of ENVI-met was essential in order to investigate the influence of the 
surrounding environment on the microclimate and thermal comfort conditions. 
Particularly, we study the effect of the prevailing situation on the microclimate and then 
we also examined three different scenarios. The purpose of this study was to observe for 
each case whether there were differences in the microclimate, their magnitude and to 
compare them in order to find out which is the most effective.  
 
ENVI-met led us to the calculation of the atmospheric temperatures for the four 
different scenarios; prevailing situation, cool pavement, grass and a combination of 
grass and trees. The measurement was carried out in a height of 1.80 meters which 
corresponds to the average human height. The study was carried out solely for the 
summer months (June, July, and August). The following table presents the average 
monthly temperatures of all the investigated scenarios. 
 
Months Prevailing Cool  Pavement Grass Grass & Trees 
June 28.41 25.20 24.41 24.54 
July 29.78 26.60 25.70 25.76 
August 29.25 26.15 25.34 25.29 
 
Table 4. Average Atmospheric Temperatures of all the scenarios 
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Based on the average temperature values, we can reach to some assumptions. As 
illustrated in the above table, the alternative solutions for the surrounding space of the 
study area have a noticeable impact on the thermal environment. Comparing the four 
scenarios, it easy to see that for the investigated scenarios there is a reduction of 
approximately 3-4 
o
C lower than the prevailing situation. One important remark is the 
fact that among the three scenarios (cool pavement, grass and the combination of grass 
and trees) the minimum atmospheric temperatures are observed when the building is 
surrounded only by grass, whilst the maximum atmospheric temperatures are monitored 
when only cool pavement is applied.  
 
In the case where cool pavement has been applied throughout the area around the 
building, the temperature values were the highest compared to the other cases due to 
reflection. Although there is a reduction of the thermal comfort indices, because of the 
reflection part of the heat returns back to the atmosphere. On the other hand, grass 
mainly due to evapotranspiration and lack of reflection showed better results and made 
it considered to be the most effective solution regarding the reduction of air 
temperature. The combination of grass and trees presented similar results but slightly 
elevated compared to grass probably due to the fact that trees act as windbreakers. The 
difficulty of the wind to pass through the trees, which act as a barrier, is perhaps the 
cause of this small temperature difference. 
 
Table 5. Temperature Change of the alternative scenarios compared to the prevailing 
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The following graph demonstrates the percentage temperature difference of the three 
different cases compared to the prevailing situation. According to this graph, the 
greatest temperature change is observed in July for grass and reaches the percentage of 
14%, while the lowest temperature change is observed in June for cool pavement and is 
around 10%. As it was aforementioned, both the case of grass and the combination of 
grass and trees exhibit relative close temperature difference, the latter though is slightly 
elevated with the exception of August. 
 
Afterwards, taking the results obtained from ENVI-met, we calculate the influence of 
the external environment on the building’s energy performance by processing the 
climatic data of Energy Plus. Therefore, by using Energy Plus, we have the following 
outcomes for the prevailing situation regarding the heating and cooling consumptions. 
 
PREVAILING Final Energy Primary Energy 
Heating [KWh/m
2
] 199.34 219.74 
Cooling [KWh/m
2
] 30.5 88.45 
Total     [KWh/m
2
]  307.724 
 
Energy Plus simulation tool helped us calculate the heating and cooling consumption of 
the building. The above table includes the energy consumption for heating and cooling 
of the prevailing situation. It includes the primary energy and the final energy. Primary 
energy is the energy that has not been subjected to any conversion or transformation 
process, this means that is the energy found in lignite, while the final energy is related 
to the  energy that reaches to the end users and is reduced due to losses. Particularly, as 
far as the primary energy for cooling is concerned, we have to multiply the final energy 
with 2.9. Likewise, we follow the same procedure for the heating but we use different 
factors. When natural gas is used in a building we multiply by 1.05, whilst when oil is 
used, as in our building, we multiply by 1.1. Thus, the total energy consumed can be 
calculated. 
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 Heating [KWh/m
2
] Cooling [KWh/m
2
] 
Prevailing situation 199.34 30.5 
Grass 199.37 20.22 
Grass and Trees 199.38 20.59 
Cool Pavement 199.036 22.423 
Table 6. Final Energy 
Table … reveals and summarizes the energy consumption for heating and cooling of all 
the scenarios. At this point we have to comment on the derived values. As it was 
aforementioned, the study was conducted solely for the summer months (June, July and 
August). This means that the values for heating should be the same for all the scenarios. 
To be more specific we comment on the first case, which is the grass, but it applies for 
the remaining cases. Since the study was carried out in the summer the heating load of 
grass, ie the energy consumption should be equal to that of the existing situation, which 
is 199.34 [KWh/m
2
]. However, the heating load of grass is 199.37 [KWh/m
2
] implying 
that there is an error by definition in the order of 0.015%.  
 
The initial Energy Plus climatic data includes hourly temperature values of the whole 
year. ENVI-met was used to extract average atmospheric temperatures. Although, these 
values were concerned a period of twelve hours the day, from 6:00 to 18:00 and in fact 
only for the summer months. This grouping combined with some assumptions that was 
made led us to the creation of an error that can be considered negligible. Therefore, we 
can draw conclusions without the risk of major deviations.  
 
The following figure illustrates the final energy only for cooling. It is easy to notice that 
for all the scenarios applied there is a reduction in the energy consumption for cooling 
purposes. Grass causes the most significant decrease in the final energy, and then it is 
followed closely by the combination of grass and trees and last but not least is the cool 
material. The maximum difference reaches about the 10 KWh/m
2
, while the smallest is 
about 8 KWh/m
2
. 
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Figure 30. Final Energy for cooling purposes. 
 
Finally, as it is shown in the next table, there are reduced cooling loads in the primary 
energy too. As it has been told before, the most significant decreases are due to grass 
and the smallest, but sizeable, is the cool material in comparison with the prevailing 
situation.  
 
 Heating [KWh/m
2
] Cooling [KWh/m
2
] Total [KWh/m
2
] 
Prevailing 219.274 88.450 307.724 
Grass 219.274 58.638 277.912 
Grass & Trees 219.274 59.711 278.985 
Cool Pavement 219.274 65.027 284.300 
 
Table 7.  Primary Energy 
 
It is essential to understand the effect of the external environment on the energy loads of 
the building. For this reason, there are given two graphs below illustrating the 
percentage changes in the primary energy.  
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The first graph reveals the percentage decrease of the primary energy for cooling of the 
prevailing situation compared to grass, the combination of grass and trees and the cool 
pavement. The solution of grass affects more the cooling loads. As it is obvious, cooling 
loads have been reduced by 33.70% by applying grass, whilst there is a small increase 
in the order of 0.035% in case we plant trees.  
 
 
Figure 31. Percentage decrease of energy consumption for cooling 
 
 
 
 
 
 
 
 
 
% 
 81 
The second chart is based on the primary energy again but for all the thermal loads. This 
means that includes heating and cooling. The reductions are smaller because this case 
concerns the total energy. We assumed that the heating loads are the same for all the 
scenarios, we added them to the cooling loads and the result was the total primary 
energy. Understandably, this led us to lower percentage changes of the primary energy, 
without affecting the ranking of the materials regarding their performance. 
 
 
Figure 32. Percentage decrease of energy consumption for cooling and heating 
% 
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8 Conclusion 
8.1 Conclusive Remarks 
 
The aim of this dissertation was to investigate the influence of the surrounding 
environment on the building’s energy performance. The study was carried out solely 
during the summer months and the building was located in an urban area with a 
typical Mediterranean climate, in the west side of Thessaloniki. It was surrounded by 
mainly by a hard surface of asphalt and a few trees, constituting the prevailing 
situation. Two different simulation tools were used, which were ENVI-met and 
Energy Plus. ENVI-met simulation was used in order to assess the impact of the 
various parameters on the urban microclimate, while Energy Plus was used to 
evaluate the building energy performance based on the outcomes of the ENVI-met 
simulation. 
 
Initially, ENVI-met was used in order to investigate the prevailing situation, but also 
three alternative solutions and the quantification of their impact on the microclimate. 
The prevailing conditions were substituted by applying grass all around the building, 
by applying cool material and finally by testing the combination of grass and trees. 
This procedure was essential in order to be revealed which one of the four different 
conditions presented the greatest atmospheric temperature reductions. The results 
showed that the existing conditions presented average atmospheric temperatures 
around 29 
o
 C. All the alternative solutions that were investigated, improved the 
microclimate, as there were monitored decreases in the range of 2 
o
 C to 5 
o
 C.  Cool 
pavement had the lowest temperature difference in the order of around 10% compared 
to the prevailing situation. As far as the grass was concerned, it seemed to be the best 
alternative solution causing the maximum temperature reduction of 14%   in July. The 
combination of grass and trees had almost the same results with the case of grass 
applied. 
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These outcomes were justified by the properties of each material. Cool materials are 
characterized by high solar reflectance and high infrared emittance resulting to less 
solar absorptivity and faster release of heat respectively. Thereby, less heat transferred 
to the building and less heat transferred to the ambient air. These properties set the 
cool materials as the best choice among others conventional coating. However, cool 
materials still reflected a part the solar radiation back to the atmosphere in the form of 
heat. Thus, it couldn’t compete to the properties of vegetation, which presented lower 
ambient temperature due to evapotransiration. Finally, the slightly difference between 
the cases of grass and trees and only grass applied, were justified by the fact that trees 
offer wind protection, restricting further temperature reduction. 
 
Nevertheless, ENVI-met was not sufficient to integrate this study since it could only 
monitor the influence of the surrounding environment on the microclimate. Therefore, 
the use of Energy Plus is considered to be essential. Energy Plus took the ENVI-met 
results, particularly the average atmospheric temperature values, and took the study 
forward by calculating the changes occurring to the energy consumption of the 
building. Final energy, primary energy and total energy for heating and cooling for all 
the scenarios were exhibited and the percentage changes were demonstrated. 
 
Afterwards, as it was aforementioned, based on the derived results of the average 
atmospheric temperature values, the building’s energy demands were calculated. 
Specifically, the thermal loads for all the scenarios of the final and primary energy 
were calculated and exhibited. The heating period was demonstrated, but it was not 
given such attention since we focused solely on the summer months.  Similar to the 
results concerning the average atmospheric temperatures, the energy consumption, 
either primary or final, of all the scenarios presented a reduction compared to the 
prevailing situation. Regarding the final energy, the cooling loads of the existing 
situation reached to 30.5 KWh/m
2
. Grass remained and was verified as the best choice 
achieving a reduction in the order of 34%, whilst the combination of grass and trees 
followed closely. Cool pavement was last but with noticeable reductions, as the 
cooling loads were 22.42 KWh/m
2
.  
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Moreover, the reductions in primary energy were investigated. The primary energy 
for cooling purposes, concerning the prevailing situation was calculated and reached 
to 88.45 KWh/m
2
. Similar to the final energy, grass was considered to be the most 
effective solution, as the cooling loads were reduced to 58.64 KWh/m
2
, which was 
equal to a percentage difference of 33.7%. Almost the same results were occurred for 
the case where trees are added. Last but not least, cool pavements achieved a 
percentage difference in the order of 26.48%. The total primary energy were also 
illustrated, having energy loads reductions but in a more limited scale, as the heating 
loads were included.  
The result of this dissertation was the understanding of the urban climatic 
environment and the implementation of this knowledge in order to improve people’s 
environment and cities energy consumption, which equal to significant energy and 
money savings.  
8.2 Recommendations  
 
The particular study could be continued further and be improved, if more 
measurements and scenarios are investigated. If more alternative solutions are 
explored, then more results will be extracted and observed. The outcomes of this 
thesis revealed that simple, easy, feasible and in some cases environmental friendly 
and inexpensive choices can make the difference. Therefore, by taking into account 
all the above aspects an integrated research can be conducted in a larger scale, 
evaluating numerous scenarios and resulting to the best, implying amelioration of 
microclimate and hence improvement of the energy performance of various buildings. 
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Appendix A 
Urban Heat Island Phenomenon: An area, such as a city or industrial site, having 
consistently higher temperatures than surrounding areas. 
 
Urban Canyon: An urban canyon is a phenomenon of an urban environment similar 
to a natural canyon. It is manifested by streets cutting through dense blocks of 
structures, especially skyscrapers that form a human-built canyon 
 
Microclimate: A microclimate is a local atmospheric zone where the climate differs 
from the surrounding area. The term may refer to areas as small as a few square feet 
or as large as many square miles.  
 
Thermal Comfort: It is defined as the state of mind in humans that expresses 
satisfaction with the surrounding environment (ANSI/ASHRAE Standard 55). 
Maintaining this standard of thermal comfort for occupants of buildings or other 
enclosures is one of the important goals of HVAC (heating, ventilation, and air 
conditioning) design engineers. 
 
Discomfort Index: Discomfort Index evaluates the impact of heat stress on the 
individual taking into account the combined effect of temperature and humidity. 
 
Dry bulb temperature: Dry-bulb temperature is the temperature of air measured by 
a thermometer freely exposed to the air but shielded from radiation and moisture. Dry 
bulb temperature is the temperature that is usually thought of as air temperature, and it 
is the true thermodynamic temperature 
 
Relative Humidity: Relative humidity is a term used to describe the amount 
of water vapor in a mixture of air and water vapor. It is defined as the ratio of 
the partial pressure of water vapor in an air-water mixture to the saturated vapor 
pressure of water at a prescribed temperature. The relative humidity of air depends not 
only on temperature but also on the pressure of the system of interest. 
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Albedo (a): albedo or else solar reflectance is the fraction of solar energy (shortwave 
radiation) reflected from the Earth back into space. It is measure of the reflectivity of 
the earth’s surface. It is measured on a scale of 0 to 1. 
 
Long-wave radiation: Longwave radiation is the infrared energy emitted by the earth 
and atmosphere at wavelengths between about 5 and 25 micrometers. 
 
Short-wave radiation: Shortwave radiation (SW) is a term used to describe radiant 
energy with wavelengths in the visible (VIS), near-ultraviolet (UV), and near-
infrared (NIR) spectra. 
 
Emissivity: Emissivity or else emittance of a surface is a measure of how well a 
surface emits or releases heat. It is the ratio of energy emitted from a surface 
compared to a black body. Its values are ranged from 0 to 1.   
 
Evaporation: Evaporation is a type of vaporization of a liquid that occurs only on 
the surface of a liquid 
 
Transpiration: Transpiration is a part of the water cycle, and it is the loss of water 
vapor from parts of plants(similar to sweating), especially in leaves but also in stems, 
flowers and roots. 
 
Evapotranspiration: Evapotranspiration (ET) is the sum of evaporation and plant 
transpiration from the Earth's land surface to atmosphere. Evaporation accounts for 
the movement of water to the air from sources such as the soil, canopy interception, 
and water bodies.  
 
Latent Heat: Latent heat is the heat released or absorbed by a body or 
a thermodynamic system during a process that occurs without a change in 
temperature. 
 
Glare: Glare is defined as the visual discomfort resulting from insufficiently shielded 
light sources in the field of view 
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Permeable pavement: Permeable pavement is a range of sustainable materials and 
techniques for permeable pavements with a base and subbase that allow the 
movement of water through the surface 
 
Cool materials: Cool pavements are materials that either reflect solar energy or are 
porous, meaning water can pass through to the soil below. Pavements with a 
high solar reflectance are cooler to the touch and store less heat than conventional 
pavements. 
 
Thermochromic Materials: Thermochromic materials are materials that change 
colour depending on the change on the temperature.  
 
Phase change materials: A phase-change material (PCM) is a substance with a 
high heat of fusion which, melting and solidifying at a certain temperature, is capable 
of storing and releasing large amounts of energy. Heat is absorbed or released when 
the material changes from solid to liquid and vice versa 
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Appendix B 
The following pictures provide us an overview of the building and the surrounding 
environment which is characterized by limited vegetation and a wide area covered by 
asphalt serving as parking lots. Arrows are designed and numbered figures are given 
on the satellite picture, corresponding to one of the following images. 
 
 
Satellite picture of the Department of Transports and Communications 
 
 
 
Figure 1 
Figure 2 
Figure 3 
Figure 4 
Figure 6 
Figure 5 
 103 
 
Figure 1. Main entrance of the building. 
 
 
Figure 2. A building façade which also shows the existence of vegetation 
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Figure 3 
 
Figure 4. Surrounding environment 
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Figure 5. Surrounding environment 
 
 
Figure 6. A panoramic view from the rooftop of the building. 
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Appendix C 
AutoCAD plans of the Department of Transports and Communications (following 
page) 
 
 
 
 
 
 
 
